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ABSTRACT 


Fifty-six male fire fighter recruits (X age = 23.5 years) from the 
Edmonton Fire Department participated in this study. The subjects were 
tested before a nine week physical training and lifestyle educational 
program, after the nine week program, and after a nine week period of 
detraining. The test battery included: functional performance tests, 
body composition assessment, and a lifestyle knowledge test. During the 
nine weeks of training, statistically significant positive changes were 
observed in the VO,max, Shuttle run, percent body fat, and knowledge 
questionnaire results. There was a significant negative change in the 
standing long jump test. The nine week period of detraining produced a 
Significant increase in both the shuttle run time and the standing long 
jump distance. It was concluded that the nine week training program was 
beneficial in eliciting positive fitness changes that did not significantly 


decrease in the nine week detraining period. 
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CHAPTER I 
INTRODUCTION 

Fire fighting has been shown to be an occupation requiring near 
maximal cardiac exertions for extended periods of time (Lemon and 
Hermiston, 1977). The physical attributes of a fire fighter must be of 
a sufficient magnitude to effectively withstand these intense demands. 
Unfortunately, the overall sedentary nature of the job is not condusive 
to an optimal level of cardiovascular fitness (Vincent and Knowles, 1979). 

The United States Department of Health, Education and Welfare reported 
that the death rate for all cardiovascular disease was higher in fire 
fighters than any other occupation (Barnard, 1979). Heart attacks and 
strokes accounted for 44 percent (%) of all fire fighter deaths in the 
United States in 1977 (Washburn and Harlow, 1977). Barnard (1975) found 
a greater ischemic response in fire fighters to near maximal exercise, 
than in a group of insurance underwriters. Collectively, this evidence 
was alarming because fire fighters were generally well screened by medical 
examinations and physical fitness tests before entering the fire depart- 
ment. 

Blimkie et al. (1977) compared the heart rate and catecholamine 
response of fire fighters to a real and mock alarm. They discovered that 
the immediate response was of intense physical arousal. A sudden strenu- 
ous effort within the benefit of a preliminary warm-up has also been 
found to elicit ischemic cardiovascular responses in healthy men (Barnard 
et al., 1975). Davis and Santa Maria (1974) reported that the energy cost 
of wearing heavy clothing and equipment was another factor that reduced 
the effectiveness of the fire fighter. They found that a 164 pound man 


wearing 52 pounds of equipment required a 33% increase in energy 


} ArT 
WOLTINGORT AI 






asen ortiiuper nottsqvase iw ed ot nwete need aed gotamgr? a209 
bor comet). antd to ebaiieq Bsbitedxs cot enotiases ga hh63 Tom) xem 
45 ad ten TeTler sri? 6 Fo zotedtrads Tsorepas ait (SRT woseharrst 


zpnemeb senain( seam brasetitw visviiss Ta) cy old } ripen snets we & 


mbsubior Jon ef dot sd? to when Valente iret eye a3 .vfetsoudtotad 
we aul ‘fou’ bos tosontl) zeaamtet sefnocwol™ ss oe fovet, favisde. ae @& 
batons? sat ona notisoubs .AfTash to srentesqabwateté barhnl-ont 
ovit Wr vodOFA sw ezeaetb valuoanwticss [fs vot odey dtesh and Same 
bie. etoetts IVES (OCCT beams) aotiedieso VeNJo YnK 26h aalrip tt : 
\iseh “sgedoi? avi? [fe 20 (8) Tnsdved M sa) bsetmuosss aavetee 
pias . (USER .wefvst bes ayodsiege) Wel nt 2evave bas dou 
ztayoxo fanixam y6on oF enssApTT s9f1 At senoqes >imatzet 1stsep & ; 
yrnehivs eit .vlevriozetfoo § .2reprrwighow sonewwent To quate 6 wt mend : 
2 flew vifstsnen ovew evacip?? of 7? sausced aoterelg 2ow - 
Mesash 3) '% ony ontvains syetad etesd ceaadi? Isoteyiq bone anghesnhnene - 
Van 
sniwatofastso bas sis1 tysod sft bownanco (Fel) .fe se aheeee i. 
Send bevavozzib yori .:isia doom bas [soy 4 of etogdpt? si We sanoq2ay 
-wiiewie nebbue A .iszuovs f2!eyriq sanetat Yo sew senoges etetbommn? off 
need cele. es qu-wisw wionhnttenq ¢ to sttaned sta ntittiw svete 2up 


) nan witicad mi 2senogest ielupeavotbiss oimatset Itatie ax be 








expenditure to perform a moderate amount of work. 

Due to the strenuous nature of their job, fire fighters should main- 
tain a high level of physical fitness (Peabody, 1976). Davis and Santa 
Maria (1975) found that most of the fire fighters examined were within 
the normal range of physical fitness for the North American population. 
However, the average American male was considered to be unfit and 
incapable of effectively fighting fires (Lemon and Hermiston, 1977). 

The maximum oxygen uptake observed was in the vicinity of 40 milliliters 


Vinin7!y, The recommended 


per kilogram of body weight per minute (ml.kg 
VO,max was 45 ml.kg”!min7! or better to meet the demands of fire fighting 
(Davis and Santa Maria, 1975). 

Davis et al. (1982) examined the ability of fire fighters to perform 
Simulated fire fighting tasks. The high heart rates in this study indi- 
cated that the average aerobic capacity of the fire fighters was inade- 
quate to complete typical fire fighting tasks. 

The poor physical fitness levels demonstrated by fire fighters that 
have been studied, creates a need for physical training programs. 

Physical training programs have been found to elicit appreciable changes 
in VO,max and body composition (Wenger, 1976; and Milesis et al., 1975). 
Hickson (1976) observed a 44% increase in VO,max (36.6 to 55.4ml.kg7'.min”!) 
as a result of an eight week high intensity training program. Once a 
desired level of fitness was reached, it could be maintained by fewer 
exercise periods per week if the intensity was not reduced (Brynteson 

and Sinning, 1973). Vogel (1978) trained 254 army recruits for three 

months and found a slight increase in body weight, an 8.6% decrease in 

body fat and a 1.1 kilogram (kg) increase in lean mass. 


The importance of physical fitness in relation to the occupation 


of fire fighting is multi-faceted. Although there is no conclusive 
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evidence that exercise will decrease the chance of a heart attack, the 
American Heart Association has taken the position that it is at least 
prudent to exercise (Zohman, 1974). Limited evidence suggests that a 
physical training program will help to decrease the chance of having a 
fatal heart attack and will enhance the recovery process from a heart 
attack. The most beneficial effect of a physical training program is 
the enhanced capacity of a fire fighter to accomplish strenuous occupa- 
tional tasks. For example, a fire fighter will be able to perform a 
given amount of work with reduced cardiovascular stress if a high level 
of physical fitness exists. Other benefits from training include: a 
delay in the onset of fatigue and a more rapid recovery rate both of 
which will decrease the fire fighter's susceptibility tc accidents 
(Peabody, 1976). Finally, fire fighters may perform better due to an 
increased self-esteem which often results from being physically able to 
handle difficult physical tasks (Wilson, 1973). 

The evidence of cardiovascular disease and the poor physical fitness 
of the average fire fighter was the justification for the following study. 
The Edmonton Fire Department in conjunction with the Faculty of 
Physical Education of the University of Alberta, developed and implemented 
a nine week physical training and lifestyle education program (Quinney, 

1981). The objectives of the program were as follows: 


To develop and/or maintain a high level of 
physical fitness. 


To promote an active and prudent lifestyle 
which will maintain the high level of physical 
fitness required for their occupation. 


To increase the fire fighter recruit's knowledge 
about the components of physical fitness and the 
appropriate methods of maintaining a high level 
of personal fitness. 


The training program incorporated the components necessary to develop 
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fitness as it would apply to the work stresses involved in the demands 
of fire fighting. The program was divided into four phases: warm-up 
and flexibility exercises, circuit training for muscular strength and 
endurance, aerobic endurance, and cool-down exercises. The program was 
designed to include some basic training principles: 


The training duration was for one hour per day, 
five days per week, for nine weeks. 


The aerobic endurance component was emphasized 
due to its importance in cardiovascular health 
and the ability to rest fatigue. 

The inclusion of flexibility, warm-up, and cool- 
down phases allowed the physiological system to 
adapt gradually to the increase and decrease in 
the exercise stress. 

Individuals were assigned exercise intensity, 
duration, and frequency prescriptions whenever 
possible. 


The exercise routines did not require any elab- 
orate equipment or facilities. 


Resource people in the areas of exercise physiology, nutrition, 
workman's compensation, stress management, and psychology lectured on 
lifestyle modification. This facet of the program was expected to 
enhance the fire fighters' professional effectiveness and enjoyment of 
their personal lifestyles. The educational topics were as follows: 
components of fitness and principles of training; development of a 
personal fitness program; nutrition and weight control; body mechanics; 
posture and care of the back; physical and psychological demands of fire 
fighting; lifestyle and health risk; and personal lifestyle planning for 


fire fighters. 


STATEMENT OF THE PROBLEM 


The major purpose of this study was to determine the effectiveness 
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of a nine week training program in improving the fitness level of fire 
fighter recruits. A secondary purpose was to determine the degree of 
retention of fitness after a nine week period of detraining. Finally, 
an attempt was also made to ascertain knowledge and awareness changes 
during the nine weeks of lifestyle education and its retention over the 


nine week period of detraining. 
LIMITATIONS 


1. Motivation could not be controlled in the testing sessions. 

2. It was not possible to examine the subjects at the same time period 
for all three tests. 

3. The sample size was limited to the fire fighters who were willing 
LOpreturnias OMsamthirdates et, 


4, It was not feasible to use a control group in this study. 
DEL IMITATIONS 


1. The subjects were delimited to 56 male fire fighter recruits from 
the Edmonton Fire Department. 

2. Class 83 (n = 24) was tested on functional-performance, percent body 
fat changes, and knowledge retained. Class 84 (n = 32) was tested 
on percent body fat changes and knowledge gained. 

3. The functional performance test battery was delimited to the tests 


designed by the Faculty of Physical Education, University of Alberta. 
DEFINITION OF TERMS 


1. Maximum oxygen uptake and maximal aerobic power are used synonymously 
and both refer to an individual's maximum capacity to consume, trans- 


port, and utilize oxygen. 
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2. Detraining is a period of no formal training. 
3. Functional-performance tests are the battery of tests used to determine 


the physical fitness changes. 
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CHAPTER II 
REVIEW OF LITERATURE 


This literature review has been delimited to the research relevant 
to the statement of the problem, the justification of the study, and 


the techniques used in the collection of the data. 


CARDIOVASCULAR STRESS OF FIRE FIGHTING 


Incidence of Cardiovascular Disease in Fire Fighters 


There are numerous hazards associated with the occupation of fire 
fighting. Some of these include: smoke inhalation, burns, building 
collapse, toxic chemical exposure, and electrocution (Washburn, 1975). 
However, the greatest cause of on-the-job fire fighter death is cardio- 
vascular disease (Peabody, 1976). 

A statistical report by the United States Department of Health, Educa- 
tion and Welfare showed that the death rate for all cardiovascular diseases, 
and in particular atherosclerotic heart disease, was higher in fire fighters 
than in public officers, longshoremen, lumbermen, construction workers, 
smelters, and furnacemen (Barnard, 1979). The death rates for the age 
groups 55 to 59 and 60 to 64 years were twice as high in fire fighters 
than the average for all the other groups. Washburn and Harlow (1977) 
reported that in the United States in 1977, the leading cause of fatal 
injury in fire fighters was stress resulting from heart attacks, or 
stroke, accounting for 44 percent (%) of all deaths. The International 
Association of Fire Fighters investigated 101 on duty deaths between 
September 22, 1974 and December 31, 1975 and discovered that 45 of these 
deaths were related to heart attacks (McClennan, 1976). These statistics 


are alarming because fire fighters are generally considered to be a 
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select group. 

From January 1971 through December 1977, Thomas et al. (1979) 
compiled data on 13,000 initial and periodic resting and exercise examina- 
tions of coronary symptom free male lifeguards, fire fighters, and law 
enforcement personnel in Los Angeles County. They then employed a 
predictive cardiac risk index to assess the chances of 4,066 of the initial 
employee examinations attaining heart disease. The components contained 
in the index were: age, sex, family history, blood pressure, cholesterol, 
weight, smoking, and exercise, all generally associated with an increased 
risk of heart disease. The fire fighter group (n = 1825) had 53 and 33 
percent in the average and moderately high risk categories respectively. 

Barnard et al. (1975) investigated the electrocardiographic (ECG) 
response to near maximal exercise and documented the blood pressure, serum 
cholesterol and smoking habits of 90 randomly selected fire fighters 
between the ages of 40 and 59. All the results were compared to a 
Similar age group of insurance underwriters they previously studied. The 
maximum oxygen uptake (VOpmax estimated from the near maximal exercise 
workload was 49.9 ml.kg7 .min7! approximately 8% greater than the insurance 
underwriters. Although in this case the fire fighters had a lower cardiac risk 
index, they had a greater evidence of ischemic heart disease as compared 
to the insurance underwriters. One mm of horizontal or down sloping 
depression of the S-T segment observed either during exercise or in the 
five minutes post exercise period, constituted a positive ischemic ECG 
response. 

Although a fire fighter's daily routine is generally sedentary, their 
level of activity certainly exceeds many other occupations. Since a 
sedentary lifestyle is commonly associated with increased cardiovascular 


risk, why do fire fighters have higher incidences of cardiovascular 
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disease as opposed to less active groups? The evidence seems to suggest that 
the cause is linked to a combination of high emotional stress levels, poor 


lifestyle habits and the extreme physical requirements of fire fighting. 


Response of the Cardiovascular System to Fire Fighting 


Fire fighters are often required to work at extremely high heart 
rates for extended periods of time. Barnard and Duncan (1975) studied 
the heart rate response of fire fighters during a normal 24 hour work 
day to discover the intensity at which they worked. 

The subjects were 35 fire fighters aged 23 to 42 from the Los Angeles 
City and County Fire Departments. Heart rates were monitored by an 
Avionics Model 375 Mini Recorder. Fifteen to 30 seconds after the alarm, 
a mean increase of 47 beats/minute (bpm) was observed. While on route 
to the fire the heart rates remained on the average, 30 bpm higher than 
that recorded before the alarm. During the actual fire fighting a few 
men exhibited extreme heart rates for prolonged periods of time. One 
fire fighter had an average heart rate of 188 bpm for 15 minutes during 
the initial stages of a structural fire. Movement artifact may have 
made some of these responses slightly erroneous, however, it was evident 
that the cardiovascular system was often under immense physical stress. 
The high heart rate responses to the alarms and the actual fire fighting 
was attributed to increased anxiety coupled with heavy work in a hot 
environment. 

One study attempted to separate the physical from the emotional 
response to the fire alarm by comparing the heart rate response to a real 
and mock alarm (Blimkie et al., 1977). The mock alarm was a verbal 
command over the public address system to which the subjects responsed 


as if a real fire existed. A second purpose of this study was to 
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describe catecholamine response to the fire alarm. The heart rate 
increased 66.2 bpm (83.5 to 149.7 bpm) and 43.4 bpm (70.6 to 114.1 bpm) 
in response to the real and mock alarms respectively. The mock alarm 
increase represented an 82.9% increase in the heart rate observed in the 
first 30 seconds of the real alarm condition. This 82.9% heart rate 
response was attributed to the intense physical activity displayed by the 
men running to their vehicles with the remaining 17.1% contributed to 
anxiety or other emotional factors associated with the alarm. There was 
a significant increase in the catecholamine levels which was comparable 
to the increase in heart rate in response to the real alarm. It was 
concluded that the majority of the response to an alarm was due to an 
intense physical arousal, with the emotional component having less effect. 

The fire fighter's occupation often demands sudden strenuous effort 
without the benefit of a preliminary warm-up (Barnard et al., 1973). 
Activity of this nature has been found to promote sudden drastic changes 
in the cardiovascular system. The purpose of this study was to define 
the adequacy of the cardiovascular response of forty-four asymptomatic 
males, aged 21 to 52, exposed to a brief period of high intensity work. The 
high intensity work consisted of running on a treadmill at 9 miles per hour 
(mph) with a 30% grade for 10 seconds, without any prior warm-up. Due to 
movement artifact, the ECG response was only recorded immediately after 
the exercise bout. If the ECG was normal during the first run, the 
subject ran a second time for a duration of 15 seconds. The same test 
protocol was repeated in another phase of the study, however, this time 
the subjects were allowed a 2 minute jog-in-place to warm-up. 

Of the 44 men who ran on the treadmill without prior warm-up, 30 


(68%) had S-T segment changes in their immediate post exercise response. 


10 


The duration of some of these responses ranged from a few beats to 4 minutes. 
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The heart rates for the individuals with abnormal responses increased 
from 87 to 149 bpm and were not dissimilar to normal responses. Of the 
22 subjects with abnormal ECG responses who exercised a second time, this 
time with a warm-up, ten men had completely normal responses and ten had 
reduced S-T depression. Two of the subjects still had significant S-T 
depression. 

Barnard et al. (1973) did a follow-up study to determine the cause 
of the abnormal ECG responses. Intra-arterial pressure and ECG's were 
recorded during various types of exercise in 10 asymptomatic men. The 
ratio of the diastolic pressure time index and the tension time index 
(DPTI/TTI) was used to estimate subendocardial blood flow. The intense 
activity was a treadmill run for 20 seconds, at 10 mph, at a 24% grade. 
The warm-up exercise was a standard multi-stage treadmill test, in which 
the subjects exercised for 2 minutes at each workload until their heart 
rates were near maximum for their age range. 

After the sudden strenuous exercise without a prior warm-up, the 
ECG's of 6 subjects were abnormal. With the inclusion of the warm-up 
exercise, 8 subjects had normal ECG's while only 2 had minor S-T segment 
changes. The heart rate values were significantly higher after exercise 
with a prior warm-up as opposed to without a warm-up (158.3 to 164.8 bpm). 
The DPTI/TTI ratios for the subjects who had an abnormal ECG response to 
sudden exercise without prior warm-up were below .44. When the sudden 
exercise followed a warm-up, the 8 subjects with normal ECG's had ratios 
above .44. 

The evidence of the previous two studies indicated that a sudden 
burst of high intensity exercise without prior warm-up resulted in ischemic 
changes in the ECG response. Pre-warm-up exercises seemed to eliminate or 


at least reduce this phenomenon. 
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The energy cost of wearing heavy clothing and equipment in hazardous 
environmental conditions was another factor that reduced the effectiveness 
of the fire fighter (Davis and Santa Maria, 1975). Fire fighters were 
tested walking on a motor driven treadmill, at a speed of 3.4 mph at a 
4% grade for six minutes, with and without their equipment. The mean 
heart rates were 160 and 130 bpm respectively with corresponding mean 
oxygen consumption rates of 2.4 and 1.8 liters/minute. Therefore the 
energy cost of wearing fire fighting protective equipment was approximately 
one-third above the energy required to perform a moderate amount of work. 
The data showed that a 184 pound fire fighter wearing 52 pounds of 
equipment could expect an increase in energy of 33% in carrying out his 
duties. 

The former discussion has indicated that the task of fire fighting 
tends to elicit high cardiovascular responses for pended periods of 
time. This phenomena may be one of the causes of the high incidence of 


cardiovascular disease in fire fighters. 


Physical Fitness Level of Fire Fighters 


Many of the authors have indicated that due to the strenuous nature 
of fire fighting, a high level of physical fitness could be a good pre- 
requisite for all fire fighters (Peabody, 1976; Wilson, 1973; and Davis 
and Santa Maria, 1975). 

Lemon and Hermiston (1977) assessed the physical characteristics, 
functional capacity, and body composition of 45 professional fire fighters 


=! There 


aged 23 to 49 years. The average VO,max value was 40.5 ml.kg7! min 
was a tendency of all the parameters as related to physical fitness 
to decrease with an increase in age. Any job related training effect was 


not significant to delay the rate of decline of VO,max with age. Most of 
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the fire fighters in this study were considered to be well within the 
normal range of fitness for the North American population. However, this 
Status doesn't qualify them to be able to efficiently meet the strenuous 
physical requirements of fire fighting. The recommendations were that 
fire fighters should devote more time to develop and maintain a higher 
level of fitness, especially older men who still participated in routine 
fire fighting. 

The Fire Service Extension of the University of Maryland conducted a 
week long Smoke Divers training course for 40 fire fighters from several 
east coast states (Davis and Santa Maria, 1975). Since the training was 
quite strenuous, all the participants were required to undertake an 
exercise treadmill test. The test was a treadmill walk at 34 mph, the 
grade of which was increased 2% every 4 minutes depending upon the heart 
rate observed by an ECG reading. The predicted VO,max for the 37 subjects 
(n = 37) was 38.02 ml.kg™!.min7! with a range of 24 to 49.5. Again the 
fitness level of the fire fighters was about the same as an average 
American male. In conclusion, it was felt that fire fighters should be in 
good condition with an average VO,max in excess of 45 ml.kg !.min7| to 
adequately meet their job requirements. 

Davis et al. (1982) examined the relationship between simulated fire 
fighting tasks and physical performance measures. The major objective of 
the study was to determine the physical profile necessary to meet the 
physical requirements of fire fighting. The simulated fire fighting tasks 
included: ladder extension, standpipe carry, hose pull, simulated rescue, 
and simulated forcible entry. The physical performance measures were 
divided into three categories: anthropometric measures, neuromuscular 
measures, and physiological measures at rest. The average time to complete 


the five simulated tasks was seven minutes. The fire fighters’ average 
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heart rate was 168.9 bpm, or 91.8% of the maximal heart rate. It was 
concluded that with an additional burden of heat stress placed on the 
cardiovascular system, the average fire fighter's aerobic capacity was 
inadequate to complete typical fire fighting tasks at the pace observed 
in this study. 

The high level of cardiovascular stress as evident by the incidence 
of cardiovascular disease and the strenuous nature of the fire fighting 
task, reinforced the importance of having well conditioned fire fighters. 
Unfortunately, many of the fitness studies observed did not indicate that 
this was the case. 

EFFECTS OF ENDURANCE TRAINING, DETRAINING, AND 
WARM-UP EXERCISES ON THE CARDIOVASCULAR SYSTEM 

There are many physiological adaptations that can occur as a direct 
result of physical training (Saltin, 1969; Astrand, 1976; and Clausen, 
1977). The major emphasis of this section will be on cardiovascular changes 
with respect to physical training and detraining. The effects of warm-up 
exercise on the response of the cardiovascular system will also be briefly 


covered due to its relevance to the fire fighting task. 


Maximal Oxygen Uptake 
Maximal oxygen uptake (VOpmax) or maximal aerobic power, may be 

defined as the highest oxygen uptake an individual can attain during physical 
work while breathing at sea level (Astrand and Rodahl, 1977). The determi- 
nation of maximal oxygen uptake is a generally accepted method to quantify 
cardiovascular adaptations to physical training (Rowell, 1974; and Saltin 
and Rowell, 1980). 

The contribution of central and peripheral circulatory adaptations to 
max has been debated by numerous authors (Rowell, 1974; Clausen, 1977; 
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Saltin, 1977b; and Saltin and Rowell, 1980). There was a common acceptance 
that both factors did limit VOqmax, however there was no consensus on the 
relative contribution of each factor. The most noticeable influences of 
central and peripheral adaptations on VO,max were an increase in 
maximal cardiac output (Q) and an increase in arterio-venous difference, 
respectively (Ekblom, 1968). 

In the past, it was believed that due to the stable nature of the 
maximum heart rate, an increase in Qmax was a result of an increase in 
the stroke volume (Rowell, 1974). However, Clausen (1977), after examin- 
ing the results of several studies that measured both 0 and mean arterial 
pressure, postulated that a reduction in total peripheral resistance could 
augment maximal blood flow and increase Qmax. An increase in arterio-venous 
difference was attributed to: vasconstriction in inactive areas which 
increased muscle blood flow (Ekblom, 1968), increased capillary supply of 
skeletal muscle which allowed more time for oxygen utilization (Brodal et 
al., 1977) and an increased amount of muscle mitrochondria and myoglobin 


which increased oxygen extraction in the working muscles (Holloszy, 1975). 


Prediction of Maximum Oxygen Uptake 


Maximum oxygen uptake can be either directly measured from an all-out 
exhaustive effort, or predicted from a submaximal test. The most common 
exercise modes used with both methods are: the treadmill, the bicycle 
ergometer and the step tests. The purpose of this section is to examine 
the principle behind the Astrand/Ryhming submaximal bicycle ergometer test 
(Astrand and Ryhming, 1954). 

This test relies on the premise that heart rate and V0, are linear 
up to near maximal levels of work, and that all subjects under consideration 


are able to reach their maximal cardiac frequency for their sex and age 
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(Davies, 1968). In actual fact the heart rate and V0, relationship is 
asymptolic in nature, that is it is only linear between the heart rates 
of 120 and 170 bpm. This phenomenon accounts for a 6% error in prediction 
of VOmax (Astrand and Ryhming, 1954; and Keren et al., 1980). 

Glassford et al. (1965) compared three direct measures of VO,max 
with Astrand's predictive test. Statistical analysis showed that the 
intercorrelations between the four oxygen uptake tests were similar 
(ranged from .63 to .82). Also, the correlations obtained between the 
predictive test values and those obtained in the three direct tests were 
equivalent to those obtained in the latter tests, therefore the relation- 
Ships between the predictive test and any one direct test was as good as 
the relationship between any two direct tests. De Vries (1965) found a 
correlation of .736 (p< .01) between the Astrand predicted test and a 
VO,max test on the bicycle ergometer. 

Some advantages of submaximal bicycle tests are: they are free from 
the error which may be introduced due to the need for motivation on the 
part of the subject (Burke, 1976), the danger or risk is reduced (Davis, 
1968), and the energy expenditure can be predicted more accurately 


(Astrand and Rodahl, 1967). 


Adaptations with Training 


It is important to consider the relationship between increases in 
VOmax and the initial level of fitness when assessing the true value 
of a training program. Sharkey (1970) examined pre and post physical 
work capacity tests with initial fitness and discovered a significant 
inverse relationship (r =~.539) with an increase in VOmax. 

If the purpose of a study is to examine the increases in VO,max as 


a result of different training stimuli, each training group should be 
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equated in terms of physical fitness (Wenger and MacNab, 1975). They 
examined 36 males with a mean age of 27.9 years, who were volunteers 
from the Edmonton Fire Department. All the subjects were given pre and 
post training maximum oxygen consumption tests on the bicycle ergometer. 
The subjects were ranked according to their VO,max values and then 
divided into four blocks with nine subjects in each block. The nine 
subjects from each block were then assigned to two training groups and 
one control group. Therefore, there were 12 subjects in each group 
consisting of three subjects from each of the four fitness groups. This 
Simple procedure served to equate the three training groups on initial 
fitness as measured by VOpmax. 

The relationship between the intensity frequency, duration and mode 
of physical training and the development of aerobic power, has been 
discussed by many authors (Pollock et al., 1969; Davies and Knibbs, 1971; 
Brynteson and Sinning, 1973; and Milesis et al., 1976). 

Davies and Knibbs (1971) examined the effects of various regimes of 
bicycle ergometer exercise of varied intensity, duration and frequency of 
effort on directly measured VOpmax. The subjects were 28 healthy males 
aged 18 to 38 years. The subjects were randomly allotted to one of 27 
procedures with one subject acting as a control. Each subject was 
required to work at 80, 50 or 30% of his VO,max for 20, 10 "or=o minutes’ 
five, three or one occasion per week. The subjects were tested maximally 
and submaximally before and after the training program. Due to the nature 
of the design, it was impossible to make profound statements about any 


Ssinale combination of intensity frequency and duration. However, it was 


important to note that there were no changes in aerobic power in any of the 


subjects who exercised below 50% of their VOmax irrespective of duration 


and frequency. 
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Wenger and MacNab (1975) trained their subjects at 100 and 60% of 
their pre training maximal workload. The pre and post tests consisted of 
a maximal oxygen consumption test on the bicycle ergometer. In order to 
equate the intensity of training with the duration of training both 
groups did exactly the same amount of work per session. Subjects of 
Similar fitness level but in different groups were yoked together. The 
total amount of work done by one subject in the 100% VO,max group was 
assigned to his matched partner in the 60% VO,max group. Over the seven 


] 


week training program the VO,max increased from 39.5 to 53.3 ml.kg_ smin7! 


in the 100% group and from 39.3 to 48.9 in the 60% group. The control 
group remained unchanged during this period (40.5 ml.kg’!.min7!), It was 
concluded that the magnitude of the relative intensity was the critical 
factor in achieving optimal increases in maximum oxygen consumption. 

If the duration was the critical factor the 60% VOmax group should have 
produced better results. If the total work done was the critical factor 
then both groups should have been equal. 

Milesis et al. (1970) attempted to equate changes in VO..max with 
training programs of 15, 30, and 45 minutes in duration performed three 
days per week at approximately 85 to 90% of maximal heart rate. The 
subjects were 19 sedentary inmates, aged 20 to 35 years (X = 28.0 years) 
from a California prison. The conditioning program included running and 
walking approximately 1.75, 3.25, and 5.1 miles for the 15, 30, and 45 
minute groups, respectively. The maximal aerobic power was assessed by 
a continuous multistage, running treadmill test to voluntary exhaustion. 
The improvements in the VO,max were 8.5, 16.1, and 16.8% which were in 
proportion to the duration of running. The increase in VO,max in each of 
the 3 experimental groups was significant if compared to the control 


group. There was also a significant difference between the 45 and 15 
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minute groups. It was concluded that a program of 15 minutes in duration, 
three times per week of moderate intensity had considerable merit. However, 
if time was not a critical factor, a 30 minute program was preferable. A 
training program of 45 minutes in duration was not recommended for begin- 
ners because of the significantly greater percent of injuries. 

Nineteen volunteer men, with a mean age of 32.5 years, were randomly 
assigned to either Group I who exercised two days per week or Group II 
who exercised 4 days per week (Pollock et al., 1969). The twenty week 
training program consisted of 30 minutes of walking, jogging, or running. 
Maximum oxygen uptake was measured directly in response to a treadmill 
run, at the beginning, middle, and at the end of the program. Group I 


] 


had an overall increase in VO,max feomec/aeto.4 4,0 .mleko. amine! Group I] 


D peer It was concluded 


had an overall increase from 36.7 to 49.3 ml.kg_ 

that the four day per meek program elicited significantly greater gains 

in maximal aerobic power as compared to a two day per week program. 
Brynteson and Sinning (1973) determined that once a particular level 

of aerobic fitness is attained, it could be maintained at a lower frequency, 

if the intensity remained the same. The purpose of their study was to 

Study the effects of training one, two, three, or four times per week, 

following a training program in which subjects exercised five times per 

week. The subjects were twenty-one male volunteers who ranged in age 

from 20 to 28 years (X = 28). Each subject trained at a heart rate equal 

to 80% of his maximum for a duration of 30 minutes. Maximal oxygen uptake 

was determined by a direct bicycle ergometer test. The improvement in 

the VO.max over the five week training period was 13% (42.3 to 47.6 

ml. kg! .min2!). After an additional five weeks of exercise, it was found 


that the VO,max values were maintained if the subject exercised for at 


2 
least three times per week. 
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When designing a training program to increase maximal aerobic power, 
it is important to consider the mode of exercise. Since the highest level 
of VOpmax is attained during exercise with large muscle masses, it seems 
logical that a subject train in this capacity (Clausen, 1977). Substantial 
increments in maximal aerobic power has been observed as a result of joaging 
or running (Wilmore et al., 1980; and Hickson et al., 1977). 

Wilmore et al. (1980) examined the physiological alterations conse- 
quent to a 20 week program of bicycling, tennis, and jogging. The 
subjects were 38 male employees of the City of Davis and University of 
California, Davis Police and Fire Departments. Nine subjects were 
randomly assigned to each of three programs and one control group. The 
experimental groups exercised for 30 minutes per day, three days per 
week. Subjects in the jogging and bicycling groups performed maximal 
tests on the treadmill and the cycle ergometer. There were significant 


Vminely and 


increases in VO,max for the jogging group (42.2 to 47.8 ml.kg_ 
in the cycling group (38.6 to 44.3 ml.kq7!min7!), Since there was no 
specificity of training effect between the jogging and cycling modes, 
it was concluded that both were comparable in the development of cardio- 
vascular fitness. 

Hickson et al. (1977) postulated that if the training stimulus was 
kept constant relative to maximal aerobic capacity, endurance and aerobic 
power would increaselinearly initially and then start to level off as the 


individual's VO,max began to approach its genetically determined upper 


2 
limit. Eight healthy but sedentary subjects, aged 20 to 42 years, 

exercised six days per week for 10 weeks. The training program consisted 
of running three days per week and bicycling on an ergometer on alternate 


days. The running program consisted of continuous running, as fast as 


possible for 30 minutes per day the first week, 35 minutes per day the 
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second week, and 40 minutes or more for the subsequent weeks. The 
ergometer program consisted of six, 5 minute intervals of pedalling 
against a resistance strong enough to elicit vOnmax. Each five minute 
bout was separated by a two minute recovery period during which the 
subject exercised at 50 to 60% VOpmax. The maximum oxygen uptake as 
measured directly on the bicycle ergometer, increased linearly with the 
training stimulus throughout the entire 10 week period. The magnitude 


. -| : 
Dots » an increase of 44%. 


of the increase was from 38.6 to 56.4 ml.kg— 
Dolgener and Brooks (1978) observed the effects of interval training 
on VOomax and performance in the mile run. The subjects were 14 male 
volunteers enrolled at the University of Cincinnati. The subjects were 
randomly divided into a continuous group (CG) and an internal group (IG). 


The training sessions were conducted 50 minutes per day, three times per 


week. The CG trained one mile the first day, one-and-a-quarter miles 


the second day, and one-and-a-half miles thereafter. The running intensity 


was individually adjusted to elicit 80% of maximum heart rate. The IG 
ran intervals of 220 yards at maximal speeds with a 220 yard walk between 
each interval. The subjects ran 220 yards the first day, ten times 220 
yards the second day, and twelve times 220 yards thereafter. Maximum 
oxygen uptake on the bicycle ergometer and performance in a mile run 
were tested before and after the six week period. The maximum oxygen 


D aan and from 39.3 to 43.6 


uptake increased from 35.5 to 40.8 ml.kg_ 
ml.kq0l.min7. in IG and CG respectively. The CG had an almost identical 
improvement in VOmax aS compared to the IG, however because two subjects 
dropped out of CG, the improvement was not significant. It was concluded 
that there was no clear superiority of either interval training or 


continuous distance running in improving VO.max or decreasing the time in 


the mile run. 
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The purpose of a study by Knuttgen et al. (1973) was to evaluate 
different forms of intense interval training upon certain physiological 
performance capacities of young male subjects. The subjects, military 
conscripts from the First Swedish Communications Regiment, were divided 
into three training groups (see Table 2.2). Group I and Group II trained 
for a period of two months while Group III did not begin training until 
after the first month. All groups were tested on three occasions. Test 1, 
at the beginning; Test 2, after the first month; and Test 3, at the end 
of the program. The assessment of VO,max was done submaximally and 
maximally on a electronically braked bicycle ergometer. Maximum oxygen 
uptake significantly increased in all 3 groups from Test 1 to Test 2 
(p < .01) and from Test 1 to Test 3 (p < .001). There was a significant 
difference from Test 2 to Test 3 in Groups I and III (p < .001) but not 


for Group II (p < .05). It was concluded that the concept of all-out 


AGES er 
INTERVAL CONDITIONING PROGRAM 


Group N X Age Intensity Duration Frequency 
I 20 20.6 155sec exercise 15 min/session 1 session/day 
15 sec rest 3 x/week 
TI 9 20.2 3 min exercise 15 min/session 1 session/day 
3 min rest 3 x/week 
ee! 8 20.6 15 sec exercise 15 min/session 1 session/day 
15 sec rest 5 x/week 
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* 
Knuttgen et al. (1973) 
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exercise for short intervals, with appropriate rest periods was a viable 
method to bring about a large increase in the transport and the utiliza- 
tion of oxygen in a short period of time. The most impressive results 

Occurred in the subjects who trained for 3 minutes with a 3 minute rest 


interval. 


Adaptations with Detraining 


From the previous review of various training studies, it was observed 
that the human body has a tremendous ability to physiologically adapt to 
a structured program of exercise. Unfortunately once the stimulus is 
removed, the body has a tendency to revert back to its original status. 

Along with quantifying the physical adaptations to training, the 
measurement of VO,max appears to be the only way to quantify, in functional 
terms, adaptations to inactivity (Saltin and Rowell, 1980). 

Miyashita et al. (1978) evaluated the physiological effects of both 
physical training and detraining on maximal aerobic power. The subjects 
were eleven Japanese sedentary men aged 35 to 54 years. The training 
involved walking for 10 minutes on a treadmill at a constant speed of 
110 meters per minute and at a sufficient grade to elicit 80% of VO,max. 
The training program was performed three days per week for a total of 


15 weeks. Maximal aerobic power, measured via a maximal treadmill test, 


1 


significantly increased from 36.9 to 41.3 ml.kg_ Aine an average increase 


of 12% (p < .001). After six months of detraining the VO.,max value 
regressed to 38.3 ml.kg”!.min7!, a decrease of 7% (p € .001). A significant 
correlation (r = .952) was also found between the percent increase in 
VO,max and the percent increase in maximal cardiac output. Conversely, 
there was a correlation (r = .855) between both parameters as a result 


of detraining. The mean gain in maximal aerobic power had not disappeared 
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completely even after six months of physical detraining. 

Knuttgen et al. (1973) were able to test a certain number of their 
Subjects from the original groups, a fourth time, eight months after the 
cessation of training. It was discovered that the fitness level of each 
subgroup decreased significantly and returned to levels not different 
from initial values. 

Cardiovascular changes were measured to determine changes in physical 
fitness attributable to equal eight work periods of training, non-training, 
and re-training (Cureton and Phillips, 1964). Six volunteer males and 
four controls age 28 to 47, were the subjects for this experiment. The 
training program consisted of approximately fifteen minutes of calisthenics, 
followed by 30 to 50 minutes of cross country running and finally 30 minutes 
of handball or squash. Absolute changes in fitness levels were difficult 
to ascertain because the raw scores were only represented graphically. 
However, it was evident that the experimental group had a greater increase 
in fitness as opposed to the control group as a result of the initial eight 
weeks of training. During the eight week period of non-training the 
experimental group decreased in fitness but not back to initial levels. 

A final eight weeks of more intense exercise elicited the highest level 


of physical fitness, in terms of gross maximal oxygen uptake. 


Influence of Warm-up Exercise on Cardiovascular Function 


The adverse effects of sudden strenuous exercise on the cardiovascular 
system has been reviewed previously (Barnard et al., 1973). Research on 
the effects of warm-up exercises has found that they may have some positive 
influences on the cardiovascular response (Inger and Stromme, 1979; 

Martin et al., 1975; and Anzel, 1978). 


Inger and Stromme (1978) investigated the effects of active, passive 
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Or no warm-up on the physiological response to a maximum aerobic workload. 
The active warm-up was a run on a treadmill] at a submaximal workload of 

50 to 60% of VO,max. The passive warm-up consisted of sitting immersed 

in water to the neck at a temperature of 40°C. The criterion task 
consisted of running uphill, at a 3% grade for four minutes, at speed 
requiring 100% VO,max. There was a significant increase in VO,max after 
an active warm-up aS compared to a passive warm-up or no warm-up (p < .05). 
The authors concluded that the results strongly emphasized the beneficial 
effects of an active warm-up on athletic performance. 

The separation of the relative contributions of physiological and 
psychological influence of warm-ups on VO.,max has been attempted by 
Martin et al. (1975). A ninety second treadmill] run at 23.6. km/hour 
up to a 2% grade was used as a criterion run. All the runs were preceeded 
by either 30 minutes of rest or by either of two warm-ups. The first 
warm-up was a 15 minute run, at 10 km/hour, at a 2% grade. The second 
warm-up was Similar to the first but differentiated by an inclusion of a 
three minute period of rest before the criterion run. The authors concluded 
that for VO,max to be measured effectively an adequate period of warm-up 
was necessary. Since there were only two subjects in this study their 
conclusion was quite speculative. 

Andzel (1978) examined the effects of prior exercise and varied rest 
intervals on cardiorespiratory endurance performance with no prior warm- 
up. The prior exercise was a two minute treadmill run designed to raise 
the heart rate to approximately 140 bpm. The subjects then rested for 
30, 60, 90, and 120 seconds before encountering an all-out treadmill run 
to exhaustion. The best performance was after a prior warm-up exercise 
with a 30 second rest before the criterion run. The explanation for this 


result was that too long a rest period caused a decrease in the oxygen 
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mobilization process, after the initial warm-up increase. 

The effects of warm-up on cardiovascular response may be different 
in trained as opposed to untrained individuals (Knowlton et al., 1978). 
Seven untrained male subjects were studied to observe the effects of 
mild warm-up exercise on oxygen consumption. There were no differences 
for the measured physiological variables between tests that had prior 
warm-up activity or tests that had no prior warm-up activity (p < .05). 

Other investigators have also failed to register significant gains 
in cardiovascular performance as a result of warm-up exercise (Busuttil 
and Ruhling, 1977; and De Bruyn-Prevost, 1980). However, the authors 
did not rule out the possible positive effects of warm-ups in the preven- 


tion of injury or reduced muscle soreness. 
PEEECTS®OF ENDURANCE TRAINING ON BODY COMPOSITION 


Since maximal aerobic power is a function of body weight, body 
composition is an important factor to consider in terms of physical fitness. 
For most purposes, body composition is divided into two fractions: lean 
mass and fat mass (Fox, 1979). An increase in lean mass as a result of 
endurance training generally has a positive effect on VO,,max whereas an 
increase in percent body fat has an adverse effect. A large amount of 
fat is detrimental to performance in two ways: it costs energy to move the 
fat, and the excess fat does not contribute toward the energy production (Fox 
and Mathews, 1976). The appropriate amount of fat for Canadian males, 
ages 20 to 29 years is 13 to 17%. However, the average amount of fat for 
this age group is generally in the range of 18 to 22% (Canadian Public 


Health Association, 1978). 
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Prediction of Percent Body Fat 


Some of the techniques for predicting percent body fat are: hydro- 
Static weighing, skinfolds, potassium-k-40, radiography, and ultrasound 
techniques (Behnke and Wilmore, 1974). The purpose of this section is to 
offer some rationale for using the skinfold technique to estimate percent 
body fat and to outline some of the assumptions and principles involved 
in this method. 

The problem with height-weight charts for determining optimum weight 
is their failure to consider the relative components of lean and fat mass. 
A highly trained professional football player is often considered to be 
overweight by this standard, although having a low percent of body fat 
(Adams et al., 1982). Conversely, a slim person may meet the weight 
Standard for a particular height but have a large percent of fat mass due 
to a concomitant low percent of lean mass. A better way to classify an 
individual's body composition status would be to use the term overfat as 
opposed to overweight. The prediction of fat using the skinfold technique 
attempts to redefine this status. 

A skinfold, measured by fat calipers, contains a double layer of 
skin and subcutaneous fat (Fletcher, 1961). Careful application of the 
calipers must be made so that no underlying muscle is included (Brozek and 
Keys, 1951). The use of this procedure depends on the assumption that the 
subcutaneous fat constitutes a constant or at least a predictable propor- 
tion of the total body fat (Womersley and Durnin, 1977). Therefore a change 
in percent body fat is signified by a change in subcutaneous fat measured 
in millimeters. 

Most predictive equations or skinfold charts are based on the relation- 
ship between skinfold thickness and body density (Brozek and Keys, 1951; 


Durnin and Rahaman, 1967; and Durnin and Womersley, 1973). Durnin and 
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Rahaman (1967) found that this relationship was sufficiently uniform so 
that regression equations and tables could be constructed to calculate 
percent body fat on this basis in adolescents and young adults. The 
correlation coefficients for total skinfold thickness and body density 
were -.835 and -.778 in the young men and women respectively (n = 105 
males and 86 females). A follow-up study on a more diverse population 
produced coefficients that ranged from -.7 to -.9 for the different age 
groups in both men and women (Durnin and Womersley, 1974). The general 
conclusion from both reports was that the skinfold technique could assess 


percent body fat with relative ease and reasonable accuracy. 


Body Composition Changes as a Result of Physical Training 


Vogel et al. (1978) examined the relationship between aerobic fitness 
and body fat during army recruit training. Two hundred and fifty-four 
Soldiers were tested at the beginning and the end of a three month train- 
ing program. Body weight increased slightly but not significantly. 
However, body fat decreased by 8.6% and lean body mass increased by an 
average of 1.1 kilograms, both changes were significant (p < 0.001). 

Body fat was estimated from the bicep, tricep, suprailiac, and subscapula 
skinfold sites. The fact that percent body fat decreased whereas total 
body weight remained the same, reinforces the value of this measurement. 
Obviously, for the weight to remain the same there must have been fat 
catabolism with concomitant protein anabolism. 

Wilmore et al. (1970) evaluated body composition changes in 55 men 
between the ages of 17 to 59 years after a three day per week, 20 week 
program. The purpose of the study was to investigate whether an exercise 
program of jogging was of sufficient intensity to induce significant 


changes in body composition. Skinfold measurements were taken on 
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right side of the body using the Lange skinfold caliber. The selected 
sites for this study were: scapula, triceps, chest, midaxillary, supra- 
iliac, abdomen and thigh. Small but significant reductions in body 
composition was observed (p < .05). The percent body fat dropped from 
LonGe ton) 74825 

An attempt was made to quantify the effects of 15, 30, and 45 minutes 
of conditioning on maximal performance, cardiovascular fitness variables, 
and body composition (Milesis et al., 1976). The methods and procedures 
have been reviewed earlier. The anthropometric assessment included body 
weight, height, and skinfold fat measurements at the chest, triceps, 
abdomen, Suprailiac, and front thigh. The effectivensss of the training 
programs in altering body composition was not anticipated due to initial 
lean condition of the subjects. However, there were significant decreases 
in percent fat in the 30 and 45 minute groups (14.2 to 13.6% and 13.2 to 
12.0% respectively). 

Pollock et al. (1969) observed the effects of frequency of training 
on working capacity, cardiovascular function and body composition of adult 
men. Body composition measurements included the sum of skinfolds obtained 
over the chest, axilla, triceps, abdomen, suprailiac, and front thigh. 
There were two experimental groups in this study. Group I who exercised 
2 days per week and Group II who exercised 4 days per week, for a total 
of 20 weeks. Group II showed a reduction in skinfolds from Test 1 to 
Test 3 of 19.6 to 18.6%. It was concluded that a four day per week 
program elicited a more significant improvement in body composition than 


two days per week. 
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EFFECTS OF CIRCUIT TRAINING ON CARDIOVASCULAR, 
STRENGTH, AND BODY COMPOSITION CHANGES 

Although circuit training appears to be an effective training 
technique for altering muscular strength and endurance, its effect on 
cardiorespiratory endurance is limited (Fox, 1979). The little research 
that has been done on circuit training seems to focus mostly on muscular 
Strength and endurance. 

Gettman et al. (1978) examined the effect of circuit weight training 
on strength, cardiorespiratory function, and body composition of adult 
men. The subjects were 70 volunteer male police officers, aged 21 to 35 
years. Maximum oxygen uptake was assessed before and after the training 
program by a maximal treadmill test. Body compositions were determined by 
the body density and skinfolds. Cybex isokinetic test apparatus was 
used to assess muscular strength. After the initial testing was completed, 
the subjects were randomly assigned to one of three groups: a circuit | 
weight training group (CWT, n = 20), a continuous running group (CR, 

n = 30), and a sedentary control group (C, n = 20). A standard warm-up 
period that involved various stretching and calisthenic exercises and 
cycling for two minutes at 900 kilograms per meter per minute was 
performed in the first 15 minutes of the workout. The CWI program was 
constructed so that each subject worked at 50% of their one repetition 
maximum strength on Universal Gymn apparatus. After an initial period 
of adjustment, 15 repetitions per set were used as the standard for the 
remainder of the 20 week program. The subjects moved continuously from 
station to station with a 30, 25, and finally a 20 second rest period 
between stages. The total circuit consisted of 10 exercises that were 
repeated twice in the following sequence: bench press, knee extension, 


hamstring circle, biceps curl, dips, leg press, sit-ups, shoulder press, 
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lat pull, and upright rowing. The CWT was quantified by total workout time, 
total work and weight resistance relative to maximum strength, and heart 
rate intensity. 

The endurance program consisted of a combination of walking and jogging 
equal distances at first,with gradual increases in jogging made throughout 
the program. The final few weeks consisted of continuous jogging for 30 
minutes. The distances and the times of each jogging and walking segments 
were recorded each workout to quantify the training of the running program. 
The intensity of the CR was regulated at 85% of maximum heart rate. 

The strength gains were higher in the CWT group as compared to the 
RN group but the difference was not significant. The increase in VOmax 
was Significantly higher in the CR group than the CWT group, 41.3 to 47.6 
ml/kg/min and 40.0 to 41.4 ml/kg/min respectively. The CR group increased 
1.7 kilograms in lean body weight compared to an increase of 1.0 kg in 
the CWT group. In addition, the CR group lost more fat weight (-2.2 kg) 
than the CWT group (-1.3 kg). The authors concluded that the circuit 
weight training program was most specific in improving muscular strength 
and produced only a small aerobic effect as measured by the treadmill 
running test. 

The ability of a 10 week circuit weight training program to elicit 
specific physiological alterations was evaluated by Wilmore et al. (1978). 
Twenty-four women and 26 men were randomly assigned either to a circult 
weight training program or a control group. Body composition was assessed 
by the underwater weighing technique and by skinfold measurement. Strength 
was assessed using one repetition maximum technique and the Cybex. Maximum 
oxygen uptake was measured via a treadmill walk-run to exhaustion. The 
training program consisted of Pee 7 to 5 minute circuits per day with 


three sessions per week. All exercises were performed on a Universal Gym 
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in the following order: bench press, inclined sit-ups, leg press, lat 
pull, back arch, shoulder press, leg extension, arm curl, leg flexion, 
and upright rowing. All the subjects exercised at 40 to 55% of their 
maximal strength and executed as many repetitions as possible in 30 seconds. 
There was a 30 second rest period between exercises to allow the subjects 
time to move to the next station. 

There was a significant increase in lean body weight for both men 
and women and a significant decrease in percent fat for the women (28.1 
to 26.3%). The women also had a significant increase in VO,max from 35.5 


to 39.3 ml.kg)smin@!. 


The only significant improvement for the men was in 
Strength gains. The authors explained the small insignificant decrease 

in fat weight by the fact that the control group changed slightly and 

the duration of 10 weeks may have been too short. However, they still 
concluded that circuit weight training appeared to be an effective method 


to alter body compositions, increase strength, and increase endurance 


time to exhaustion. 
FIRE FIGHTER TRAINING PROGRAMS 


In an attempt to reduce the incidence of cardiovascular disease and 
the number of job related injuries in fire fighting, some Fire Departments 
have initiated physical training programs for regular staff as well as 
trainees. 

The Los Angeles City Fire Department instituted a mandatory physical 
fitness program in 1971 for all its 3,250 members (Barnard and Anthony, 
1980). Each member had to meet the following medical criteria to enter 
the program: have received a medical examination within the preceeding 
year, be not more than 20% over the maximum recommended weight, have 


blood pressure not in excess of 150/85, not be on a restricted or 
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rehabilitative Status abide by medical restrictions set forth in a medical 
report, and not be under treatment or observation for cardiac abnormalities. 
Only seven fire fighters did not meet this criteria. 

The program was conducted early in the morning, the time at which the 
men were least busy. It was 45 minutes in duration and consisted of 
flexibility and warm-up exercises, cardiovascular exercises, muscle 
conditioning exercises, and a cool down period. The program was generally 
conducted in the fire station but occasionally at school facilities if 
they were in visual contact with the station. To evaluate the effective- 
ness of the program, a random sample of 300 periodic medical examinations 
were studied to determine if there were any changes in cholesterol, blood 
pressure, and body weight. A Kasch Fitness Index was used to determine 
the changes in fitness level. 

In 1971, 38.6% of the fire fighters had fitness score values in the 
poor and very poor categories. This percentage dropped to 12.7 and 9.0% 
in 1975 and 1978 respectively. The health maintenance programs had no 
Significant effects on blood pressure, but there was a significant reduc- 
tion in blood cholesterol levels. 

In conclusion, the Los Angeles Fire Department's health maintenance 
program was beneficial in increasing fitness levels and reducing some 
risk factor associated with atheroscleratic heat disease. It was also 
concluded that the physiological adaptations appeared to reduce the number 
of on the job fire fighter injuries. Mealey (1979) reported that between 
1971 and 1972 the department logged 2,134 on-duty injuries, but between 
1977 and 1978 that number dropped to 1,814. The total number of members 
in the department remained the same. 

The incorporation of a fitness program into a Fire Department takes 


the right combination of support from the top and an adequate amount of 
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funding to make it a reality (Beam, 1979). Chief Charles H. Rule of the 
Alexandria Fire Department designed a committee diverse in expertise and 
professional interests in order to accomplish this objective. The 
committee representatives were: a Fire Captain, Battalion Chief, Personnel 
Analyst, Affirmation Action Officer, and a Union Representative. The 
committee's responsibility was to examine the feasibility of a fitness 
program from many perspectives, thus arresting problems that might have 
occurred during implementation. 

Probably the most difficult task in establishing the program was to 
convince the City Council that the program should be funded. Their 
rationale was based on the potential savings that could be derived from 
having healthier fire fighters. Earlier evidence of reduced sick leave 
in a fitness group supported their claim. A study in the Alexandria Fire 
Department found a 17% decrease in sick leave in a physical fitness group 
over a two year period (1974 to 1976). 

The program's objectives were as follows: 

To improve every employee's physical fitness, thus 
reducing the annual number of on-the-job accidents 
and injuries. 


To campaign against smoking and reduce, by 30% the 
number of persons in the fire department who smoke. 


To ensure that all uniformed fire and emergency 

medical services personnel participate in the physical 

fitness program and achieve their prescribed personal 

fitness goals (p. 16). 

The participants were required to spend one hour each day, three days 

per week on physical fitness activities. The program consisted of 10 
minutes of flexibility and warm-up exercises, 20 minutes on strength 
exercises, and 30 minutes on cardiovascular endurance. All of the eight 


Alexandria fire stations were equipped with a set of weights, bench, 


stationary cycle, jump rope, exercise mat, and a doorway chip-up bar. 
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After the first year of the mandatory program, each participant was 
tested for improved fitness (see Table 2.3). Since two different modalities 
were used to assess the cardiovascular changes, an accurate comparison 
could not be made. The body composition changes indicated an increase in 
lean body mass and a decrease in percent body fat. The skinfold measure- 
ments or percent body fat dropped from 23.8 to 18.0%. This value repre- 
sented an 11 pound reduction in fat weight per person. Collectively, 
all the participants in the program lost close to one ton of fat. The 
increase in lean body mass corresponded to the general increase of all 
the neuromuscular parameters. 

The preliminary evidence indicated that the Alexandria Fire Depart- 
ment personnel were beginning to attain positive physical changes as a 
result of their fitness program. There was optimism that these payoffs 
would lead to future reduction in costs of early disability pension, loss 
of time due to accidents, less use of disability leave and most importantly, 
a healthier and more efficient fire department. 

Due to the tremendous cost to the county and city agencies a pre- 
liminary physical training program was implemented to reduce the drop-out 
rate of recruits during the tower training drills (Pipes, 1977). The 
purpose of this study was to investigate the effectiveness of interval 
running and circuit weight training as a means of increasing the physical 
work capacity of fire fighter recruits. The subjects of this study were 
27 male recruits from the Los Angeles City Fire Department aged 21 to 29 
years. The interval training consisted of two minutes of running and one 
minute of walking for a total duration of 18 minutes, which progressed to 
45 minutes at the end of the program. All the subjects performed the 
circuit weight training 10 minutes after the interval running. The 


stations included: bench press, military press, leg press, sit-ups, leg 
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lifts, biceps curl, pull downs, back arch, dead lift, and rope climb. 

The subjects exercised at 50% of their one repetition maximum for 30 seconds, 
with a 15 second rest between station. All participants completed three, 

8 minute circuits. Including a 15 minute warm-up and cool down period, 

the total program lasted 90 minutes. 

All of the subjects were given a battery of tests before and after 
the 10 week training period. The tests included a work capacity test on 
the bicycle ergometer, six physical performance tests, dynamic muscular 
Strength tests, and an estimate of percent body fat using skinfolds. 

There were significant increases in the performance tests and the 
dynamic strength tests (p < .05). Although there was not a significant 
change in body weight, the lean body weight increased significantly (26%) 
and the absolute and relative body fat decreased significantly (-13.4 and 
-13.7% respectively ). 

The improved physical capacity of the recruits appeared to be an 
effective means to increase their performance in the departmental rigors 
of the tower drills and to decrease their drop-out cost. 

The nature of the fire fighting task imposes a substantial amount 
of cardiovascular stress on the human body. It is imperative that steps 
be taken to adequately prepare fire fighters to meet the rigors of their 


occupation. 
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CHAPTER III 
METHODOLOGY 


SUBJECTS 


The subjects were 56 male fire fighter recruits between the ages 
of 21 and 29 (X = 23.5, SD = 2.1) years. The subjects were from two 
separate recruit training classes. Class 83 (Group A, n = 24) commenced 
training October 19, 1981 and class 84 (Group B, n = 32), February 18, 


1982. The training programs were approximately nine weeks in duration. 
EXPERIMENTAL DESIGN 


Three testing sessions were used to collect the data. Test one was 
administered before the nine week training program, test two immediately 
following the program, and test three, approximately nine weeks after a 
period of detraining. The test parameters were divided into three 
Sections: functional-performance tests, body composition assessment, 
and a knowledge test. Group A and Group B were not equally involved 
in all the test sections (see Table 3.1). Both groups were equated on 
the basis that every subject was required to be above the 70th percentile 
on their combined functional-performance test scores to qualify for the 
recruit training program. The percentile rank was in comparison to all 
the applicant scores from past fire fighter testing (approximately 2,500 


men). 
PROCEDURE 


Functional-Performance Tests 


The functional-performance tests were designed by the faculty of 
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TABU EES. 1 
EXPERIMENTAL DESIGN 


—_--- 


Test Parameters ih To T 
before 9 wks. tr. after 9 wks. tr. after 9 fe detr. 


eee 


functional- Group A Group A Group A 
performance Group B 

tests 

body composition Group B Group A Group A 
assessment Group B 

knowledge test Group B Group B Group A 


Physical Education, University of Alberta, to screen potential fire fighter 
recruits. The tests focused on the physical requirements that were 
believed to be necessary to effectively accomplish the fire fighter's task. 
Upon arrival, the subjects were first registered and weighed. Then 

the subjects systematically went through the following function-performance 
test battery: 

1. predicted two stage bicycle ergometer VO,max test (Astrand and 

Ryhming nomogram, 1954) 
ZemecOca | dips 


total chin-ups 


fm CO 


standing long jump 
emees tol Cun 
6. agility shuttle run 


These tests are described in Appendix A. 


Body Composition Assessment 


The skinfold technique was used to estimate percent body fat. The 


Harpenden caliper was employed to measure the skinfold thickness. The 
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Skinfold sites included: the triceps, biceps, suprailiac, and Subscapular 


Sites. The standardization procedure is described in Appendix B. 


Knowledge Test 


A questionnaire was formulated to ascertain the changes in knowledge 
or awareness during the equal nine week periods of training and detrain- 
ing. Nineteen multiple choice questions were obtained from qualified 
personnel who lectured on topics related to the fire fighter occupation. 
The qualified people and their respective topics were: 


Dr. A. Quinney: components of fitness and principles of training 


Dr. A. Bolle: Stress management 
Ke Hipkin: psychological damage, smoke, and heat 
B. Hanson: nutrition and weight control. 


The knowledge questionnaire is presented in Appendix C. 
* 
TRAINING PROGRAM 


The subjects trained approximately 50 minutes per day, five days 
per week, for approximately nine weeks. The physical training program 
included: warm-up and flexibility exercises, muscular strength and 
endurance circuits, an aerobic component (running), and cool-down exer- 
cises. Criterion mile runs were held at the end of the third, sixth, 
and ninth weeks. Group B also had a pre-program mile run. A description 


of the training program is presented in Appendix D. 
STATISTICAL ANALYSIS 


A one-way analysis of variance with repeated measures (xder: program 


par = anov 14) was used to determine the significance of differences 


*The program was modified slightly between the class 83 training session 
and the class 84 training session. 
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between the means for the following dependent variables: VOqmax, dips, 
Standing long jump, stair run, and the agility shuttle run. The Newman- 
Keuls post hoc comparison of means test was used if a significant F ratio 
was obtained. 

A correlated t-test was used to determine the significance of differ- 
ence between the means for the following variables: weight, percent body 
fat, and the knowledge questionnaire. An independent t-test was used as 
a test for significance between the questionnaire means for Group A and 
Group B. 

Means and standard deviations were used to compare the differences in 
the mile times for the criterion run. 

Finally, an additional paired t-test was used to determine if the 
attrition of 12 subjects biased the sample. 

An alpha level of p was less than .05, where p was the probability 
that no difference exists between the means, was established prior to 


the analysis. 
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CHAPTER IV 
RESULTS AND DISCUSSION 


The results and discussion are presented in three sections: 
functional-performance changes, body composition changes, and knowledge 
changes. The more important components as they relate to the purpose of 
this study are integrated in a general discussion at the end of the 
chapter. 

All data reported in this section are in terms of mean data. Tables 
of raw data are located in Appendix F. The statistical level of signifi- 
cance was established previously (p < .05). The subjects were tested 
on three separate occasions: before the training program, after nine 
weeks of training, and after a nine week period of detraining. 

The discussion of the results is mainly directed towards the nine 
week training program with the emphasis on the aerobic endurance 


component (VO,max). 
FUNCTION-PERFORMANCE CHANGES 


The subjects were delimited to the fire fighters who returned for 
the final test. An independent t-test comparing the means of the 
initial subjects (n = 36) and the sample of test subjects (n = 24) 
showed no significant difference, indicating that the test subjects were 
a representative sample of the total group. Table 4.1 represents a 


summary of the functional-performance results. 


Predicted VOmax 


] = 


A significant increase in VO.,.max from 49.0 to 57.6 ml.kg .min (15%) 


was observed over the nine week training period (Figure 4.1). Similar 
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TABLE 4.1 
FUNCT IONAL-PERFORMANCE CHANGES 








Functional- Pre-Training Post-Training Post-Detraining Significance 
performance i i T 
eae ot wee 7 3 Deco 
X SD X SD X SD 
VO.,max AD, OP Mr 7s memo yon 822% © 56:8 99756 T, toT 
| 2 
(nie kGeecmins.) 7 to T 
1 3 
total dips 1720) 404 Ae eo Teal i) eh 6) 
(rep ) 
total 25 114s 6321 i /aeee. 0 
chin-ups 
(rep ) 
standing 96.0 5.4 O22 6077, 94.6 4.4 Ty to Ty 
long jump TietoeT 
(in) oY 3 
stair run Serene (eae 52 29emeU ale Saat Aas 
(sec) 
agility 1230 Oe Gare ite O25 Lom Pl 7, Ty to T» 
Shuttle run 
To to T3 


increases have been found by Knuttgen (1970) and Milesis (1976), who 
both found increases of 16% in VO,max in their subjects. 

The results are predicted VOpmax values with their inherent error 
of +6% as compared to the direct VO.max scores (Astrand and Ryhming, 
1954; and Keren et al., 1980). 

Hickson (1977) reported the largest increase in VO,max from 38.6 to 


1 min’, an increase of 44%. The subjects in this study were 


55.4 ml.kg- 
healthy but sedentary before the initiation of the 10 week program. The 
program included high intensity running alternated with bicycle ergometer 


training six days per week, for a duration of approximately 40 minutes 
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per day. 

The evaluation of the effectiveness of a training program in terms 
of increases in VOmax may introduce spurious conclusions. Wenger and 
MacNab (1975) emphasized the importance of equating initial fitness when 
comparing different training programs. Sharkey (1970) found that the 
previous level of fitness yielded a highly significant negative correla- 
tion with changes in VOnmax. The initial level of fitness of the present 
Subjects was high in comparison to the other studies observed. Therefore, 
the increase of 15% in VOmax appeared to be substantial. 

Frequency, duration, and intensity are important considerations in 
designing a training program (Pollock et al., 1969; and Brynteson and 
Sinning, 1973). Although the intensity was not monitored in the present 
Study, it appeared that the intensity, duration, and frequency of the 
fitness program in the present study was of sufficient magnitude to elicit 
cardiovascular adaptations. The heart rate was occasionally monitored 
but this did not lead to an adjustment in training intensity. The 
subjects trained five times per week, 30 minutes per session for a total 
of nine weeks. 

The cardiovascular component of the training program emphasized 
aerobic running. The subjects ran from one to three miles per day, 
averaging approximately 1.5 miles per day for the duration of the train- 
ing program. A one mile criterion run was performed at the beginning 
(Group A), and at the third, sixth, and ninth week of training (Group A 
and Group B). These results can be seen in Figure 4.2. Noticeable 
decreases in the mile times were observed in both Group B (5:59 to 5:31 
min:sec) and in Group A (6:01 to 5:40 min:sec). Dolgener (1978) also 
found a decrease in mile times after a six week running program from 6:22 


to 5:55 min:sec. 
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There was no significant difference in the predicted VO,max scores 
after a nine week period of detraining (see Figure 4.1). The values 


Dino. 


decreased slightly from 57.6 to 56.8 ml.kg_ 
Brynteson and Sinning (1973) studied the effects of training one, 


two, three, and four times per week on the retention of VO,max. The 


2 
Subjects were initially trained five times per week for a period of five 
weeks. The average increase in VO,max was from 42.3 to 47.6 ml.kg7! min7!, 
The group of subjects who trained once a week for an additional five 
weeks demonstrated a decrease in VO.,max from 46.8 to 45.5 ml.kg~! min”, 
which was similar to the decrease observed in the present study. 
This evidence suggests that the subjects in the present study would have 
had to train aerobically at least once a week during the detraining 
period to prevent a significant decrease in their cardiovascular fitness 
as observed. 

The remaining functional-performance test results are performance 
indicators of various physical parameters. The detraining changes are 


discussed as a whole at the end of this section. The means and standard 


deviations are presented in Table 4.1. 


Total Dips and Chin-ups 


No significant changes were found for total number of dips or chin- 
ups at the end of the nine week training program. The total dips 
increased from 17 to 19.6 repetitions (see Figure 4.3), whereas the total 
number of chin-ups decreased from 12.1 to 11.4 repetitions (see Figure dece 
The muscular strength and endurance circuit of the training program 
included exercises that were similar to the dip test. These exercises 
also stressed the triceps muscle group which may have accounted for the 


slight increase in dips. Conversely, the training program did not 
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contain any exercises that stressed the biceps muscle group. Therefore 


it was not surprising that a change in the chin-up score did not occur. 


Standing Long Jump 


The standing long jump (SLU) test was a performance indicator of the 
Subjects' ability to generate lower extremity power (Kirkendall, 1980). 
The results demonstrated a significant decrease in distance from 96.0 
to 92.6 inches at the end of the nine week training period (see Figure 
4.5). This particular result was difficult to explain since the circuit 
training included exercises to develop Strength and power in the lower 
extremity. The SLJ was very difficult to standardize in terms of motiva- 


tion and possibly this factor had an effect on the result. 


Stair Run 

The stair run was used to estimate explosive power. There was not 
a significant change from test one, to test two. The time for the run 
was essentially the same from the pre-training to post-training tests 
(see Figure 4.6), This result was somewhat surprising since the fire 
fighters were required to do stair-running within their circuit training. 
However, the stair run test involved running two flights of stairs with 
a corner between each flight, while the training involved running 
Straight flights. Therefore, the subjects were unaccustomed to turning 
and it appeared that the specific technique required may have been the 


factor which caused them to lose time. 


Agility Shuttle Run 
The agility shuttle run time decreased from 12.0 to 11.3 during the 


nine week training program (see Figure 4.7). Each subject in this test 


was required to start from a push-up position. Perhaps the push-up and 
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the burpee-six-count exercises performed in the nine week training program 
enhanced the subjects' starting ability. Exercises such as the stair-runs, 
bench hops, and vertical jumps, that were performed in the training pro- 
gram may have developed leg power, which would also help in decreasing 


the shuttle run time. 


Detraining Changes 


The detraining changes have been presented in Table 4.1 and Figures 
4.3 to 4.7 and will now be briefly discussed. 

A significant range in the detraining phase was observed only in 
the SLU and the agility shuttle run tests. The SLJ Significantly increased 
from 92.6 to 94.6 inches. This result was unexpected since the SLU score 
decreased over the training period. As previously stated, there were 
problems with the motivation in the SLJ test. 

The time increased significantly in the agility shuttle run from 
11.3 to 11.9 seconds. This increase could be attributed to the with- 
drawal of the training stimulus. 

As with most performance oriented tests, the influence of motiva- 
tion may have affected the results of the tests in the present study. 
For example, the subjects were tested with approximately 150 others 
potential fire fighter recruits in test one. Due to this highly 
competitive atmosphere the subjects could have been more highly motivated 
to perform in the first test as opposed to the latter two tests. 

Also, although the functional-performance tests emphasized most of 
the physical components that a fire fighter would need, perhaps some 
were not stressed sufficiently during the physical training program. 
For example, a modified chin-up exercise was included in class 84's 


training program. 
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It should also be noted that the training program was designed to 
maintain or increase the fitness level of the fire fighter, since the 
people who enter the recruit training program already possess a high 
level of fitness. Therefore, changes in functional-performance scores 


were hard to elicit. 
BODY COMPOSITION CHANGES 


The skinfold technique was used to monitor changes in body composi- 
tion. This technique provided an estimate of an individual's percent 
body fat. Body weight was also measured to determine the relationship 
with the percent body fat changes. 

The subjects in Group B (n = 32) were tested before and after their 
respective nine week training program. The subjects in Group A (n = 23) 
were tested before and after a nine week period of detraining. Both 
groups were subjected to a similar training stimulus, although the total 
duration of Group B's program was slightly less. 

A significant decrease in percent body fat from 15.8 to 14.8% (46.5). 
was found with no change in body weight during the nine week training 
program (see Table 4.2). Vogel (1978) also observed a significant decrease 
in percent body fat (48.6%) during a 12 week army recruit training 
period. Again, there was no significant change in body weight. The 
decrease in body fat with no change indicates an increase in lean tissue. 

Wilmore et al. (1970) evaluated the body composition changes as a 
result of a jogging program of similar duration to the present study 
(10 weeks). The purpose of the study was to determine the effectiveness 
of jogging in inducing body composition changes. A small but significant 
change in body composition was observed. The percent body fat of their 


subjects dropped from 18.9 to 17.8%. 
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TABLE 4.2 
PERCENT BODY FAT AND WEIGHT CHANGES 


eee ee ee wee tere. ireretore the guilects Adibearet 
Group Pre-Training Post-Training Post-Detraining Significance 
bina ak: ies p < .05 
X SD X SD X SD 0%) 
a ee ee ee 
Group B 


body fat (%) 15.8 «<4 4] 1d Sas 3.5 
DOCVeWis 2Ul DS)» | 72. sliced Wee 10.8 


Group A 
body fat (%) (Gace: tig LO Cennaee a 
body wt. (lbs) 164.5 15.7 164.3 15.7 


The present study found a significant increase in percent body fat 
from 15.3 to 16.2% from test two to test three, with no significant change 
in body weight. The activity level of the subjects during the detraining 
period may have decreased sufficiently to reverse the effects of the train- 
ing program. However, the possibility of increased caloric input cannot 


be ruled out as another influencing factor. 
KNOWLEDGE CHANGES 


A knowledge questionnaire was administered to the subjects before 


and after the fire fighter recruit educational and training classes 

(Group B) and nine weeks following a period of detraining (Group A). The 
purpose of the questionnaire was to determine if the average fire fighter 
becomes more aware of certain topics that they should be particularly 
concerned with. The questionnaire was designed to assess changes in 
knowledge in the following areas: physical fitness, training, principles, 
weight control and nutrition stress, and occupational health risk. 


There was a significant increase in the knowledge questionnaire score 
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from 57.9 to 67.9% over the training period (see Table 4.3). The order 
of the questions and the multiple choice answers were shuffled but the 
two tests remained essentially the same. Therefore the Subjects appeared 
to gain some benefit from the lifestyle educational component of the recruit 
training program. It was possible, however, that some of the questions 
may have been remembered from the first test. 

Group A had a score of 58.9% on the knowledge questionnaire at the 
end of the detraining period which was not Significantly different from 
the Group B pre-training score (57.9%). If it could be assumed that 
Group A was not significantly different from Group B at pre-training and 
some knowledge changes occurred, that by nine weeks the specific information 
was not retained. It is unknown, however, the extent to which this 
knowledge change was a result of the educational component of the train- 


ing program. 
GENERAL DISCUSSION 


The major purpose of this study was to determine if the nine week 


training program enhanced physical fitness. The cardiovascular component, 


TABLE 4.3 
KNOWLEDGE CHANGES 


Group Pre-Training Post-Training Post-Detraining Significance 
Ky ner, era p < .05 
x SD X SD X SD * 
Group B eee a O77 seeel Uso * 
(%) 
Group A 582 Ore 15/7 
(%) 





- grade out of 19 represented in percent 
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specifically VO,max, was emphasized as the most important aspect of 
physical fitness and was stressed in the training program. Body composi- 
tion has been found to have a strong influence on VO,max (Fox and Mathews, 
1976). Therefore, positive changes in VO,max and body composition would 
help to establish the effectiveness of a physical training program. 

Significant alterations in VOnmax and body composition have been 
observed in the subjects of the present study during the nine week train- 
ing period. Similar observations have been found by other authors 
(Pollock et al., 1969; Wilmore et al., 1976; and Gettman et ali sn197 8) 2 

Pollock et al. (1969) observed the effects of interval running 
and walking on cardiovascular fitness variables and body compositions 
during a 20 week program. The group of Subjects who exercised four 
times per week demonstrated a 26% increase in VOomax. A concomitant 
Significant decrease in body composition from 19.6 to 18.6% body fat was 
also observed. In comparison the subjects of the present study who 
exercised five times per week had a 15% increase in VOnmax. The decrease 
in percent body fat was similar. The longer total duration (ier e270 
weeks) and the lower initial fitness level of the Subjects in Pollock's 
Study may have caused this difference between the present study. 

Gettman et al. (1978) compared a circuit weight training group 
(CWT) and a continuous running group (CR) in terms of cardiovascular 
functions, body composition, and strength changes. The subjects trained 
approximately 25 minutes per day, three times per week for a total 
duration of 20 weeks. The CR group produced the only significant changes 
in VO,max fromed 123.4toe47.6 ml.kg7!.min7!, The CWT produced only a small 
increase in VOpmax. The CR group also had a significant decrease in fat 


weight as opposed to the CWT. The only area where the CWT group surpassed 


the CR group was in terms of strength gains. However, this result was 
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not significantly better than the CR group. 

The present study had a circuit training component in its training 
program. This component differed from the CWT group in Gettman's study 
in that it used muscular strength and endurance exercises as opposed to 
a universal gym. Both studies emphasized large numbers of repetitions 
per exercise. 

The change in the VOpmax was greater in the present study. Some 
probable reasons could include a greater training intensity and/or a 
greater frequency of training. Since the present study included an 
average of 15 minutes of aerobic running and 15 minutes of strength and 
endurance circuit, it was postulated that the high intensity circuit 
component may have had a positive influence on VO,max. 

There was not a significant decrease in VO,max during the nine week 
period of detraining in the present study. Perhaps the subjects had an 
increased awareness of the importance of physical fitness that encouraged 
them to keep up their fitness levels. It should be noted, however, that 
aerobic fitness is more easily maintained than the rate at which it is 
gained. Once a particular level of fitness is observed it can be main- 
tained with smaller amounts of training than was required to cause the 
increase in the first place (Fox, 1979). However, this fitness level can 
not be maintained indefinitely. It appeared that there was a trend for 
some of the test values to begin to revert back to post-training levels. 
Knuttgen et al. (1973) were able to test a number of previous training 
Subjects (trained for 2 months) after an eight month period of detraining. 
They discovered that their subjects decreased back to original fitness 
levels. 

It was not possible to include a control group in the present study. 


Therefore, the fitness gains observed were related to the changes between 

























a 


samo 42. ata eons 
oniutayt 23t nt rnanoqnos ghintes tivovis & bad onal 
yvout2 2'nentied ni quovp TH2- att mast berett is seonegms 2neF | 


« 
7 


oo beetqno 26 2aziavexe Sonstubne bine dopras2 velaotam dea tT 9: 
_sonTttisga” to ered spye! beptzsrtgne esroure Aio8 tip scence " 
,s2rotexs 19q _ 


a PP —_ 


ano .ybude (nopetg say at yereawg sew xar0) 29 mt epnedo ofTo > © } 


e WO\bas Ytbenatat anfateyt to2em 6 aby!onr Sues eaneset sidedony) 0: 
“5 fabuflon? Vbude tegeeyg att anal? .onin Pees Po yongepart "eyaeg 
boa etoner?2 to aetucia 2f bre ontncw 27doton 40 eotantm Of Fo spateve 
hw! ond tadt beraluteag 2ow Jb .diuasi> sonmdbas 
Vv no sonpull a) svfsfaeq 6 Sor sve Yan Snenogned 
gan snrn od ofr ui cy AL esoroeb Pres urfuefe: s ton ew aoa 
hé SBA 2iasitee SAF egst1ss (irus2 +raegtq Ga AT ootatewed Fe botraq 


bapa weone sa? ereari? (estoylq to osmmereqnr om Fo aaengtene Beeson 


if} ,Wovewort , halo ft2 10 ,2favel sesnty?) vist Gy gaat oF ware 
2f st doffnw fs of65 ofc art bentsanten yl tese ewont-ot seeedt) staeis 


-niem ad nos Fi Gevigedo ef aeadteY to LeheT “eltodineg eegand) Vee 
of? s2vad of bayiuns i tat peidtaad Toa alavene wellane fee beNEeS 
neo [svel 22en7hi 2rild ,svewn. .(O\C) . x01) soato ter iieent et azpaioat 
vot bret? o zaw siens dott beisagas 7! ( olin febet bentaddian ad Jon ° 
~iavel pniaTaw-t20} of dood meyer ot ntusd of esulev Saat odd Gol sees 
getniast eorvety to vadwes Yeot of side otgw (EVCF), cto te ragytucl 
70. ate Atnom ddpts 08, tas tH , edtiom S$ Lilac 
> oF saath sae 















Paginas = ms 





61 


the individual subjects. In essence the Subjects acted as their own 
CONT 1S). 

Wenger and MacNab (1975) studied the effect of endurance training 
on Edmonton fire fighters. They included a control group of 12 subjects 
in their observation. The VO,max of the control group remained unchanged 
during the 7 week training program. Other authors have also failed to 
observe significant changes in VO,max in control subjects as compared 
to the experimental subjects (Milesis et al., 1970; and Pollock et al., 


1969). 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 


SUMMARY 


The subjects of the present Study were fire fighter recruits from 
the Edmonton Fire Department. Group A consisted of 24 male subjects 
from class 83 and Group B consisted of 32 male Subjects from class 84. 
Group A was tested before a nine week training program (functional- 
performance tests), after nine weeks of training (functional-performance 
and body composition tests), and after a nine week period of detraining 
(functional-performance, body composition, and general knowledge tests). 
Group B was tested before a nine week training program (body composition 
and general knowledge test) and after nine weeks of training (body 
composition and general knowledge tests). 

The physical training program included: flexibility and warm-up 
exercises, muscular strength and endurance circuit, endurance running 
and a cool-down period. The program was conducted 50 minutes per day, 
five times per week for a total duration of nine weeks. The lifestyle 
educational component of the program included lectures on the following 
topics: components of fitness and principles of training, deve lopment 
of a personal fitness program, nutrition and weight control, body 
mechanics, posture and care of the back, physical and psychological 
demands of fire fighting, lifestyle and health risk, and personal life- 
style planning for fire fighters. 

The functional-performance test battery included: VOnmax total 
dips, total chin-ups, standing long jump, stair run, and agility shuttle 


run tests. Body composition evaluation was made by the assessment of 
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body fat using a skinfold measurement technique. The general knowledge 
test was a questionnaire that included nineteen questions from the life- 
style educational resource people. 

During the nine weeks of training Significant positive changes were 
observed in VO,max, Shuttle run, percent body fat, and knowledge ques tion- 
naire results. There was a significant decrease in the standing long 
jump test. The remainder of the test battery result did not change 
Significantly. 

The nine week period of detraining produced Significant changes in 
the shuttle run and the standing long jump. The time for the shuttle run 


increased, as did the long jump distance. 
CONCLUSIONS 


1. The nine week Edmonton Fire Department physical training program was 
effective in developing and/or maintaining a high level of physical 
fitness in fire fighter recruits. 

2. The most significant gains were found in cardiovascular fitness, the 
component which was thought to be the most important for a fire 
fighter to adequately perform the fire fighter task. 

3. The significant positive change in body composition of the average 
fighter also probably enhanced their aerobic capacity. 

4. A noticeable decrease in the fitness gains was not observed in the 
nine week period of detraining. 

5. The lifestyle educational component of the program appeared to elicit 
positive changes in lifestyle knowledge over the nine week training 


program but this knowledge was not retained. 
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RECOMMENDATIONS 


Further study is needed to determine the long term effectiveness of 
the training program. 

Steps should be taken to establish an ongoing training program that 
would include all the fire fighters now employed by the Edmonton 
Fire Department. 

The recruit training program should be continually updated as more 


insight of the fire fighting task is gained. 
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FUNCTIONAL-PERFORMANCE TESTS 


Predicted VO,max 
The VO,max test was used to estimate cardiovascular endurance. The 
Astrand-Ryhming nomogram (1959) was used to predict the VO.,ma x from the 


heart rate and workload. 


apparatus 

1. Monarch bicycle ergometers 

2. Health-O-Meter weigh scale 

3. laboratory timer 

4. revolution counter (mico-switch) 
5. stethescope 

6. stop watch 


standardization procedure 


1. The bicycle ergometers were calibrated prior to each testing session. 

2. The subject was weighed, clan in shorts and socks. The weight was 
recorded to the closest .5 of a pound. 

3. The bicycle seat was adjusted to leg length. 

4. The test was described to the subject and a short orientation ride was 
permitted. 

5. The subject then pedalled continuously for eight minutes, four minutes, 
at 1.5 kilopond resistance (kp) and four minutes at 3.0 kp resistance. 

6. The metronome was set at 50 rpms and the revolutions were recorded 
for the last six minutes. 

7. The heart rate was measured by a 30 beat count at the end of the first 
workload and for each of the last two minutes. 


8. The mean of the last two measurements of heart rate were recorded. 
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Total Dips 


The dip test was used only as a performance indicator of upper body 


strength. 


apparatus 


1. two parallel bars 


Standardization procedure 


1. The apparatus was designed to allow a subject to descend between two 
parallel bars to a position of 90 degrees at the elbow. 

2. The subject then extended the arms back to the starting position for 
One complete repetition. 


3. The total number of repetitions was recorded. 


Total Chin-ups 
The chin-up test was also used as a performance indicator of upper 


body strength. 


apparatus 


1. a free-swinging horizontal bar, suspended from the ceiling 


Standardization procedure 


1. The subject started from a fully extended arm position. 

2. The subject's feet were not allowed to touch the floor at any time. 

3. One repetition was recorded each time the chin was brought completely 
over the bar from a full arm extension. 

4, The excessive swinging was controlled by the examiner to keep the 
exercise specific to upper body movement. 


5. The maximum number of repetitions was recorded. 
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Standing Long Jump 


The standing long jump was the performance test used to indicate the 


subjects' ability to generate lower extremity power. 


apparatus 


1. measuring tape 
2. yardstick to mark the distance 


Standardization procedure 
1. The subjects began with their feet shoulder width apart and with their 


toes behind the zero mark on the measuring tape. 

2. The subjects were encouraged to swing their arms to gather momentum, 
and jump as far as they could. 

3. The examiner marked and recorded (to the nearest .5 of an inch) the 
longest of two jumps. 

4, The distance of the jump was measured from the zero mark on the tape 


to the back of the closest heel. 


Stair Run 


A stair run was used as an indicator of explosive power. 


apparatus 


1. two impulse mats 
2. an automatic timer 
Grertwoenlicntssogestalrom il stairs per flight) 


Standardization procedure 


1. The subject was required to run both flights as quickly as possible 
triggering the impulse mats at the bottom and top of the run. 

2. A single trial was disqualified if the handrail or wall was used for 
assistance. 

3. Two trials were allowed with the fastest time recorded to the nearest 


.O1 of a second. 
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Agility Shuttle Run 


The agility shuttle run was a test of speed and agility. 


apparatus 


tix 
(ie 


two rectangular blocks 
stop watch 


Standardization procedure 


ie 


The subject started from a supine position with hands under the 
Shoulders and head behind the starting line. 

On command, the subject jumped up and ran a distance of 36 feet, 
picked up the first block, ran back and placed it on the starting 
line, returned and picked up the second block and sprinted over the 
finish line. 

The subject was disqualified if a wall was touched or the block was 
thrown aS opposed to placed on the starting line. 

The first time of two trials to the nearest .1 of a second was 


recorded. 
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BODY COMPOSITION ASSESSMENT 
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BODY COMPOSITION ASSESSMENT 


The skinfold technique was used to assess body composition. The 
sum of skinfolds chart that was used to determine the estimated percent 
of body fat was first devised by Durnin and Rahaman (1967) and further 


developed by Durnin and Womersley (1973). 


skinfold calipers 


The Harpenden skinfold caliper has been found to be a reliable 
instrument to measure skinfold thickness (Edwards et al., 1952; and 
Sloan and Shapiro, 1972). The Harpenden calipers were used in this 


study. 


Standardization procedure 


1. The skinfold sites were located and marked on the right side of the 
body only. 

2. The skinfold was picked up firmly by the thumb and index finger and 
pulled away from the underlying muscle and facia. 

3. The skinfold calipers were placed one centimeter from the fingers. 

4, Each site was measured at least twice or until two measurements 
differed less than 0.4 millimeters. 

5. The mean of the closest pair of measurements was recorded. 

6. The skinfold measurements were taken in the following order: triceps, 


biceps, subscapular, and suprailiac. 


triceps skinfold 


The site was located over the triceps muscle at a point half-way 
between the acromion and olecronon process. The right arm of the 
subject was flexed at 90 degrees. The skinfold was measured parallel 
to the long axis of the upper arm. The subject's arm was extended 


by the right side of the body in a relaxed state. 
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biceps skinfold 


The site was located over the biceps muscle directly opposite the 
triceps site. The skinfold was measured parallel to the long axis of 


the upper arm. 


Suprailiac skinfold 


The site was located approximately two centimeters above the iliac 


crest at the mid line. The skinfold sloped Slightly towards the crest. 


Subs capula 


The site was located approximately two centimeters lateral to the 
inferior angle of the scapula, at an angle of 45 degrees to the verticle 


plane. 
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APPENDIX C 


EXAMPLE KNOWLEDGE QUESTIONNAIRE 
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FIREFIGHTERS QUESTIONNAIRE 


The best method to decrease the amount of fat in the abdominal area would 


Dewco: 
a) 
b) 
c) 
d) 


e) 


reduce the number of calories ingested per day to 


thr 
do 

hav 
run 
aw 
A & 


ee hundred. 
fifty or more sit-ups per day 


e a surgeon remove the fat 
fifteen minutes or more, three to five times 
eek. 


B 


The "General Adaptation Syndrome" (G.A.S.) describes: 


a) 
b) 
c) 
d) 
e) 


the 
how 
why 
why 
how 


Manner in which a human being develops new coping skills 
an individual can "smile in the face of adversity" 

we feel uneasy when upset. 

we sometimes are unable to react properly to stress 

the body responds to stress. 


What type of physical activity would be the best to provide a training 
effect for the cardio-vascular system? 


a) 
b) 
c) 
d) 
e) 


jog 
wel 
cyc 


ging 
ght training 
ling 


swimming 
fh eerOr ~D. 


What is the most common gaseous hazard at fires? 


a) 
b) 
c) 
d) 
e) 


iso 
Ox 


cyantes 
des of nitrogen 


carbon monoxide 
carbon dioxide 


hyd 


rogen cyanide 


As an adult gets older his/her need for energy (calories) from food 


usually: 


a) 
b) 
c) 
d) 
e) 


inc 
dec 
dec 
inc 
sta 


reases and then decreases after age 65 
reases and then increases after age 65 
reases gradually 

reases gradually 

ys the same. 


A good way to lose some weight is: 


a) 
b) 
c) 
d) 
e) 


do 
to 
to 
to 
to 


10 push-ups per day 

use protein pills 

go on a grapefruit and steak diet 

follow a sensible diet and increase exercise 
go on a fast (not eating) for one day a week. 
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Firefighter Questionnaire roo 


les 


10; 


ile 


LP 


With respect to exercise and training the term aerobic refers to: 


a) 
b) 
c) 
d) 


e) 


high intensity interval training 

with oxygen 

skeletal muscle strength 

physical activity of a long, lower intensity nature which 
affects the cardiovascular system. 

B & D 


Flexibility exercises are important exercises only if the following principles 
are considered: 


a) 
b) 


GC) 


d) 
e) 


A warm-up for 


a) 
b) 
c) 
d) 
e) 


the exercises should be done slowly, utilizing a maximum 
range of motion 

each exercise should be done forcibly in order to get a 
maximum benefit. 

the exercises should be done before and after rigorous 
activity (ie. running or weight training) 

A&C 

A&B 


a normal training session should include: 


flexibility exercises 

exercises to slightly increase the heart rate 
strength and endurance exercises 

A&B 

all of the above 


Which of the following are risk factors for coronary heart disease? 


a) 
b) 
c) 
d) 
e) 


high psychological stress 
lack of exercise 

smoking 

poor nutrition 

all of the above 


It is felt that the changes in our traditional values and institutions 
in recent times: 


a) 
b) 
c) 


d) 
e) 


has created a great uncertainty within us. 

has led to a loss of psychological support 

has led to a loss of an traditional means of coping 

with stress. 

had left us much more vulnerable to the ravages of stress 
all of the above. 


Lower back pain can often be relieved by: 


a) 
b) 
c) 
d) 
e) 


strengthening the abdominal muscles 

increasing the flexibility of the hips and lower back 
doing hyperextensor exercises for the lower back 
decreasing fat deposites around the abdomen 

ARES os 
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Firefighter Questionnaire -3- 


io 


14, 


So 


LO 


Ls 


Stress is defined as: 


a) 
b) 
c) 
d) 
e) 


Symptom(s) of 


a) 
b) 
c) 


d) 
e) 


Which is not 


a) 
b) 
c) 
d) 
e) 


a reaction to the body to an unpleasant stimulus. 
an increase is self-awareness 

an alarm reaction 

a controlled normal bodily function 

an increase in the rate of breathing 


heat related illness include: 


fast pounding heart rate 

nausea and vomiting 

pain in the abdomen, arms, and legs lasting up to 
three minutes 

A&C 

all of the above 


a common characteristic of a physically fit individual. 


less susceptible to weight gain and muscle strain 
running long distances every day 

absence of fatigue 

better sleep habits 

greater control of stress situations at home or wurk. 


In order for an individual to increase in muscular strength the 
following principle(s) must be considered: 


a) 
b) 
a) 
d) 
e) 


exercise as frequently as possible 

a gradual increase in the amount of weight 

a gradual increase in the number of repetitions 
Bea lG 

All of the above 


The subject of potential inhalation hazards in a firefighting environment 
is complex because: 


a) 
b) 
c) 
d) 


e) 


the number, identity and quantity of different airborne 
contaminants is difficult to determine. 

Many gases have poor warning properties 

toxic gases may linger after the fire has been extinguished 
two gases, relatively harmless when independent of each 
other may form an extremely toxic contaminant when mixed. 
all of the above. 
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Firefighter Questionnaire -4- 


18. In order to get a positive training effect over an eight week period 
it is necessary to: increase the load every day. 


false 

CLUE 

true only when a plateau is reached 
true only with weight training 
BeweG 


19, Foods that are needed daily to help keep a person healthy are: 


a) 
b) 


e) 


d) 
e) 


liver; spinach; fish; and potatoes 

milk and milk products; meat and alternatives; fruits and 
vegetables; and breads and cereals 

milk and butter; eggs and fish; porridge and rice; and 
apples and oranges. 

orange juice; meat; milk and bread 

honey; yogurt; wheat germ; and alfalfa sprouts. 
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PHYSICAL TRAINING PROGRAM 
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PHYSICAL TRAINING PROGRAM 


The physical training program was for approximately 50 minutes per 
day, five times per week, for a total of nine weeks. The four phases of 
the program, a brief description of each phase, and the exercises involved 


in each phases were as follows. 


WARM-UP AND FLEXIBILITY 


description 


The time allotted for this phase was approximately 10 minutes. 
The majority of the exercises were encouraged to be done Slowly and held 
for six seconds each. After initial explanation by the instructor, each 
class member had a turn at leading the class. This procedure was to 


encourage leadership skills. 


exercises 


Hee neCkKacire les 6. trunk twister ll. groin stretch 

2. Shoulder circles 7. back overs 12. achilles stretch 
Se arm circles 8. quadricepts stretch 

4, side bends 9. seated hamstring 

Some LrUnkectircles stretch 


10. hurdle stretch 
Note: before each training session the subjects engaged in approximately 


10 minutes of marching. 


MUSCULAR STRENGTH AND ENDURANCE CIRCUIT 


description 


The time allottment for this phase was approximately 15 minutes. 
Two circuits were designed with three stations per circuit. Circuit A 
was run on Monday, Wednesday, and Friday and Circuit B on Tuesday and 
Thursday, of each week. The subjects rotated through the circuits in 


sequence. The duration of the circuits ranged from 30 seconds initially 
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to a maximum of 50 seconds. Records were kept of the progress. 


exercises 
Circuit A Circul cso 
Station ] burpee-six-count burpee-six-count 
abdominal curls abdominal curls 
push-ups push-ups 
Station II chest raise stair run 
v-sits SuteLuCKS 
trunk circles 
station III jumping jacks jumping jacks 
vertical jumps vertical jumps 
bench hops Side leg raises 


AEROBIC OR ENDURANCE COMPONENT 


description 


The subjects ran a distance that ranged from one to three miles. 
The average distance covered in each session was approximately 1.5 miles. 
The subjects monitored their heart rates occasionally but ultimate 
intensity of the run was left to the discretion of each subject. A 
criterion run was performed at the end of the third, sixth, and ninth 


week. Occasionally a swimming session replaced the run. 


COOL DOWNS 


description 


The time allotted for this phase was approximately 10 minutes. The 


exercises were again led by a class member. 


exercises 
1. quadriceps stretches 4. ankle rotations 
2. hurdler's stretch 5. easy bridge 


3. achilles stretch 6. back overs 
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MODIFICATIONS MADE IN THE PROGRAM BEFORE THE CLASS 84 (GROUP B) 


1. Pull-ups were included into the circuit, 
2. The exercises were rearranged in the circuit stations so no Station 
over-stressed a particular muscle group. 


3. Sprint training occasionally replaced the mile run. 
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SOURCE 
OF VARIATION Ss DF MS E 
BETWEEN PEOPLE 0.26187500E+04 URS. O.11385869E+03 
WITHIN PEOPLE 0.25049375E+04 48. 0.52186188E+02 
REPT. MEAS. 0.10851875E+04 2m 0.54259375£+03 i S58 
RESIDUAL 0.14197500E+04 46. O.30864120E+02 


PROBABILITY OF F = 0.00000 DF=(K-1),(N-1)(K-1) 
CONSERVATIVE PROBABILITY = 0.00035 DF=1,(N-1) 


THE "CONSERVATIVE PROBABILITY OF F" MAKES ALLOWANCE FOR UNEQUAL 
COVARIANCES AMONG CORRELATED MEASURES. 
SEE WINER, 1962, P. 123: (OTe 251-232" 


SINGLE MEAN OF 

MEASURE MEASURES 
UNADJUSTED RELIABILITIES 0.283 0.542 
ADJUSTED RELIABILITIES 0.473 0.729 


THE "ADJUSTED RELIABILITIES" REMOVE MEAN DIFFERENCES OF THE 
K MEASURES AS A SOURCE OF ERROR - EG. BETWEEN JUDGES 

SEE "ADJUSTMENT FOR ANCHOR POINTS", WINER, 1971, P. 289: 
19.62 Pee 28 0 0 


IE TEI I EE FO RK OR I OR I IO ER OO eR KA RR 


NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS 
SEE WINER( 1962) PAGE 102; Vals. Bales 


ORDERED MEAN DIFFERENCES 


2 3 1 
MEANS 57.604 MWO> 1/1/13 48.983 
1 48.983 85624 nS 2. 0.0 
3 Be, IS 0.829 0.0 
2 57.604 0.0 
R= 3 2 


THE MULTIPLIER IS 1.13402 


THE MULTIPLIER TIMES THE Q(DF,R) SELECTED 
PRODUCES MINIMUM MEAN DIFFERENCE TO ACHIEVE 
SIGNIFICANCE 

Q HAS THE DF OF MS ERROR (RESIDUAL ) 


Q-VALUES FOR MEAN DIFFERENCES 


2 3 1 
MEANS 57.604 SKS} 5 1/8/15) 48.983 
1 48.983 7.602 Gaei7a CHO 
3 AS 5 WS) 0.731 ORO 
2 57.604 0.0 


CONSULT TABLE C.4, P870, WINER( 1971) 
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Total Dips 


SOURCE 
OF VARIATION SS DF MS F 
BETWEEN PEOPLE O.24129883E+04 ARS 0. 10491252E+03 
WITHIN PEOPLE O.73466797E+03 48. 0. 15305582E+02 
REPT. MEAS. 0.87031250E+02 2 0.43515625E+02 3.09 
RESIDUAL 0.64763672E+03 46. 0. 14079059E+02 


PROBABILITY OF F = 0.05502 DF=(K-1),(N-1)(K-1) 
CONSERVATIVE PROBABILITY = 0.09204 DF=1,(N-1) 


THE "CONSERVATIVE PROBABILITY OF F™ MAKES ALLOWANCE FOR UNEQUAL 
COVARIANCES AMONG CORRELATED MEASURES. 
SEE WINER, 1962, P. 1235 1971. PP. 281-289. 


SINGLE MEAN OF 

MEASURE MEASURES 
UNADJUSTED RELIABILITIES OnGod 0.854 
ADJUSTED RELIABILITIES 0.683 0.866 


THE "ADJUSTED RELIABILITIES" REMOVE MEAN DIFFERENCES OF THE 
K MEASURES AS A SOURCE OF ERROR - EG. BETWEEN JUDGES 

SEE "ADJUSTMENT FOR ANCHOR POINTS", WINER owt S7c1 Pun 289) 
1962, PP. 128-129. 


*> cc DiMnlancas Coro ee nk eee lank SP, MEANS 


NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS 
SEE WINER( 1962) PAGE HO2s AS), Bag. 


ORDERED MEAN DIFFERENCES 


2 3 1 
MEANS 19.583 19.083 17.042 
1 17.042 PY aye) 2.042 0.0 
3 19.083 0.500 0.0 
2 197583 0.0 
R= NS] 2 


THE MULTIPLIER IS 0.76592 


Q-VALUES FOR MEAN DIFFERENCES 


2 3 1 
MEANS Ve) isis) 19.083 17.042 
1 Tifa 42 3.318 2.666 0.0 
3 19.083 0.653 0.0 
2 19.583 0.0 


CONSULT TABLE C.4, P870, WINER( 1971) 
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Total Chin-ups 


SOURCE 
OF VARIATION , 35 DF MS F 
BETWEEN PEOPLE 0.40910938E+03 23) 0. 17787354E+02 
WITHIN PEOPLE 0. 12533594E+03 48. 0.26111650E+01 
REPT. MEAS. 0.68593750E+01 Ph O.34296875E+01 1233 
RESIDUAL 0.11847656E+03 46. O.25755768E+01 


PROBABILITY OF F = 0.27403 DF=(k- Whe saa 1) (K-14) 
CONSERVATIVE PROBABILITY = 0.26037 DF=1,(N-1) 


THE "CONSERVATIVE PROBABILITY OF F" MAKES ALLOWANCE FOR UNEQUAL 
COVARIANCES AMONG CORRELATED MEASURES. 
SEE WINER, 1962, P. 1293: Loa Pe Pee 28 1-289" 


SINGLE MEAN OF 

MEASURE MEASURES 
UNADJUSTED RELIABILITIES 0.660 OR 853 
ADJUSTED RELIABILITIES 0.663 0.855 


THE "ADJUSTED RELIABILITIES" oes MEAN DIFFERENCES OF THE 
K MEASURES AS A SOURCE OF ERROR - EG. BETWEEN JUDGES 

SEE "ADJUSTMENT FOR ANCHOR Sioa WINER, 1971, P. 289: 
19625) PPe128- 129) 


SEPP EAA ELER ELLA EL AREAL EA ERK KARE LAKE ERR KKARHE SR RRKA KK 


NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS 
SEE WINER(1962) PAGE 102; 1S aioe Pau 7 


ORDERED MEAN DIFFERENCES 


1 3 2 
MEANS V2. AIS 11.667 VU Ss 
2 UE Chas) OF 50 OF2o 2. 0.0 
3 al SS 0.458 0.0 
1 1 2Pai25 0.0 
R= 3 2 


THE MULTIPLIER IS 0.32759 


Q-VALUES FOR MEAN DIFFERENCES 


1 3 2 
MEANS 2 Yes 11.667 Wale OS 
2 WiP SAS) 2.289 0.890 0.0 
3 11.667 1.399 0.0 
1 ee 25) 0.0 


CONSULT TABLE C.4, P870, WINER( 1971) 
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Standing Long Jump 


SOURCE 
OF VARIATION ss DF MS F 
BETWEEN PEOPLE 0.15443125E+04 230 0.67144012E+02 
WITHIN PEOPLE - 0.77193750E+03 48. O. 16082031£+02 
REPT. MEAS. 0. 15650000E+03 on O.78250000E+02 3) fats 
RESIDUAL 0.61543750E+03 46. 0. 13379076E+02 


PROBABILITY OF F = 0.00546 DE=(K=1)=(N-1)(K-1) 
CONSERVATIVE PROBABILITY = 0.02391 DF=1,(N-1) 


THE "CONSERVATIVE PROBABILITY OF F" MAKES ALLOWANCE FOR UNEQUAL 
COVARIANCES AMONG CORRELATED MEASURES. 
SEE WINER,1962, P. 123; Ws TPs Seiya). 


SINGLE MEAN OF 

MEASURE MEASURES 
UNADJUSTED RELIABILITIES 0.514 0.760 
ADJUSTED RELIABILITIES OnSTiS 0.801 


THE "ADJUSTED RELIABILITIES" REMOVE MEAN DIFFERENCES OF THE 
K MEASURES AS A SOURCE OF ERROR - EG. BETWEEN JUDGES 

SEE "ADJUSTMENT FOR ANCHOR POINTS” > WINER,” 19717" p" 289; 
1SG2°e Pee 26129) 


Reh RES SA EE RAEA AEE KARA EEE HK RAHA ERK KR * 4K KER RR ED od 


NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS 
SEE WINER( 1962) PAGE 102; NSAP Plies 


ORDERED MEAN DIFFERENCES 


1 <} 2 
MEANS 96.021 94.750 92.458 
2 92.458 3.563 2:5 CRSP 0.0 
3 94.750 Wier 0.0 
1 96.021 0.0 
R= 3 2 


THE MULTIPLIER IS 0.74663 
Q-VALUES FOR MEAN DIFFERENCES 


1 3 2 
MEANS S6e02H 94.750 92.458 
2 92.458 4.7714 3.069 0.0 
3 94.750 Te7O2 0.0 
1 96.021 0.0 


CONSULT TABLE C.4, P870, WINER( 1971) 
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Stair Run 
ROW 1 0.199 0.189 0.185 
SOURCE 
OF VARIATION Ss DF MS F 
BETWEEN PEOPLE O.19306641E+01 OLE} O.83941877E-01 
WITHIN PEOPLE O.600093766E+00 48. 0.12502033E-01 
REPT. MEAS. 0.46386719E-02 ds 0.23193359F-02 OF 
RESIDUAL 0O.59545898E+00 46. O.12944758E-01 


PROBABILITY OF F 
CONSERVATIVE PROBABILITY 


0.83654 DF=(K-1),(N-1)(K-1) 
0.67602 DF=1,(N-1) 


THE "CONSERVATIVE PROBABILITY OF F" MAKES ALLOWANCE FOR UNEQUAL 


COVARIANCES AMONG CORRELATED MEASURES. 
SEE WINER,1962, P. 123: 17d PP 284-289), 


SINGLE MEAN OF 

MEASURE MEASURES 
UNADJUSTED RELIABILITIES 0.656 On8 Si 
ADJUSTED RELIABILITIES 0.646 0.846 


THE "ADJUSTED RELIABILITIES" REMOVE MEAN DIFFERENCES OF THE 
K MEASURES AS A SOURCE OF ERROR - EG. BETWEEN JUDGES 

SEE “ADJUSTMENT FOR ANCHOR POINTS", WINER, 1971, P. Z259F 
1962, PP. 128-129. 
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NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS 
SEE WINER( 1962) PAGE VOLS US), IR Bly. 


ORDERED MEAN DIFFERENCES 


2 1 3 
MEANS 3.288 bP 3265) 
3.265 0.023 0.007 0.0 
1 SeZe 0.016 0.0 
2 3.288 0.0 
R= 3 2 


THE MULTIPLIER IS 0.02322 
Q-VALUES FOR MEAN DIFFERENCES 


3 2 1 3 
MEANS 3.288 Beo72 3.265 
3 3.265 0.987 0.305 0.0 
1 30270 0.682 0.0 
2 3.288 0.0 


CONSULT TABLE C.4, P870, WINER( 1971) 
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Shuttle Run 


ROW 1 O2935 0.491 lean 2:7) 
SOURCE 
OF VARIATION Ss DF MS F 
BETWEEN PEOPLE 0.39507813E+02 2am OPM mneOoet On 
WITHIN PEOPLE 0.62367188E+02 48. 0.12993164E+01 
REPT. MEAS. 0O.76875000E+01 20 O.38437500E+01 3.23 
RESIDUAL 0.54679688E+02 46. 0.11886883E+01 


PROBABILITY OF F 
CONSERVATIVE PROBABILITY 


0.04853 DF=(K-1),(N-1)(K-1) 
0.08528 DF=1,(N-1) 


THE "CONSERVATIVE PROBABILITY OF F" MAKES ALLOWANCE FOR UNEQUAL 
COVARIANCES AMONG CORRELATED MEASURES. 
SERRWIUNER OO 2pm emi omen Ova m eee Gill2 S21. 


SINGLE MEAN OF 

MEASURE MEASURES 
UNADJUSTED RELIABILITIES 0.097 0.244 
ADJUSTED RELIABILITIES Oni 29 0.308 


THE "ADJUSTED RELIABILITIES" REMOVE MEAN DIFFERENCES OF THE 
K MEASURES AS A SOURCE OF ERROR - EG. BETWEEN JUDGES 

SEE “ADJUSTMENT FOR ANCHOR POINTS", WINER, 1971, P. 289; 
WEXS2 [AP seks Wek). 
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NEWMAN-KEULS COMPARISON BETWEEN ORDERED MEANS 
SEE WINER( 1962) PAGE 102; 1971, P 217. 


ORDERED MEAN DIFFERENCES 


1 3 2 
MEANS 125,029 14) tee) bo) ATES) 
2 A) eats) 07750 0.612 0.0 
3 fil tskele ©: 138 0.0 


rs 
° 
NO 
© 
° 
° 


THE MULTIPLIER IS On2 2.21519 
Q-VALUES FOR MEAN DIFFERENCES 


1 3 2 
MEANS 2 O29 il tse Wo ZAK) 
2 Wil BUS 3.370 #2 BE2 0.0 
3 times 0.618 ORO 
1 2029 0.0 


CONSULT TABLE C.4, P870, WINER( 1971) 













iwi efddurec 


veer 
sv 7 'en.0 60.0 


3 at aT 22 moyTapRay 4” 
7 — * . >.< = /-_~ ee 2 Seeds eee ase e 
SPT) ce O06 Got >sGRe wpiviT2e 
tow ey at ics 590 Tle 0 BI7G07¢ PINTIV 
CHAO OM (0 ‘ina say 4 285m , 7938 
'O= JE BRGBNTT O-. rn sG*JProRAGAT. 9 WAITS Re 


: z ai Oo Jara 
, ‘ + Ws 4) 4 *T AASGS 
’ i) CASAS TavaSOMOD 


1 35maw0JJ- mM *9 10.7 J. FQR RS OV ETA BeMeo?  SHT 
mh + 4 


4 } : aft) Ay MATRAVOCS 
t > , Caer SI4i¢ 332 
ef bTLstsei 23 OAV 
ad ; JVG6 
TT JFHRd Jar OF WOA? ZT 
2aHOU ; anar' ~“ 80593 SQ BUeURe -« | @£)°V2ZAR A 
. . ns’, So! 45° 80s TM aerosol’ 732 
‘ “4 ‘ © cae) 
ee ew ‘ ‘ 4 ese¢e684484 
: iahw at 
al ee west Miw 332 
22.0453 49710 Vee @AAsoFD 
: : r BSO. Ss oA si [ 
$13.0 oat ce) a 
: ere. Stn 
é Cc? f 
9 , 
SOOO ' 621.917 0— ae a 7 
HINDI ASM AOS PAUAV-O - 
_ + ; 






ets +t Sear Boe, £9 Zh eM 
a0 Sarit OM.c = “Fey 
6.0 shh.o pay ee 


a, _ eave 
COTO ISGHIW Re og 









- - oa 
is 


y 





- : 


yi 

’ vit 

it go 

6° Uh id 
i * 

yy »i 
i | } ! 

é ‘ "Or 
zi ( > ii 


as 
mm “ws iit 


P t 
ae | 
OL't 


& 

Ts Gi 

4 1° S6 

0 201.. 0 2a! 

? 0 he 

4 uk 

ey we 
re oi ¢ 
O’oe O'tex 0 


a te 


‘* 


RAW DATA 








98 





StLimeeec eect t IS'€ cL°€ cBE O16 O'&6 S°E6 GL bl bL 9b BE 92 9O'%b Z’ES Psp 81 
Gollan Lace LL LL'e €0°€ OLE - O'€6 O'G6 0°86 BL SL ZL 92 62 BL £°95 O-ZS 2°05 LI 
CULie ec OlG tk LE eerL EOF € 9 0'S6 2086 A OcCOl Lisl lie St2pece.6l  G:7Gani-ccmmrars 91 
Giles ge tia gal | the B0'e I0€ 8 6O LOL OOL. 0°76 {IL Ol. OL  €2, 91y21 . 6:65. e-6pagc6e SI 
GeLESA bcs 64 faye RIE 8076600506 2 0:20le Ziel plane | mea [anol OTS ieaigOS meLecy v1 
QrtL BOL O°2lL ELE OWE EL"E  O'VOL O°OOL S*2OL SL bL SL G2 gz 61 S°LS O'bS O°6b El 
SM SS MURAL TMS SLs tT Te NETS bigeS BOL 6L Sl Bl) Voc: 2Geee pmeaece 21 
AV Li DAL eel eeeecp: Op emmrer ew ONOTI0IMEOZCOl A066) Ge Chan (eee ey Oy Il 
GGL USO OLS atlas GO tessa cole 0°56 e066 oS°s6 flail. ble ce lec) ancl 0°89 8°69 S*Sb OI 
O7CLe Otte Ge tl LE Pee ch € 66 0'c6 06 0556 6 6 OL * 0148 Eft 9°95 uicecue-ca 60 
TER Cet te Ochoa GO Cal Ce 22cm 6650 02/6 G7 101) 21. 21 el ICpreest 2° 8S4Gc0omcace 80 
Je Uti cic eal Vig OC eune fa hae 0 b60a0:26 20-98 99 ebl Gl <8 . ttezt 2199 phat m06bS LO 
plein OUP SbCES OLE oO ye 600025 cOl Ol fl. lle ey T Cel acl b°SS €°8b Leb 90 
Perle cet lO el ame cet 02-6 2 oc°6 0°06 | 20098 wO.e6 OU 7 Cliuellacl MeCGe CacGmalezc SO 
Ptectie Ilo eo C90 fect 0°66 06s) 0°76. zl acl pl .8l 0g uce a Ac0G Caco aGelp 0 
Pcie tt eoecl actt eS bec es 0-78 20708 24°65 Lor ila7l ofc (mice aces S*6b 2°8P £0 
Gales Leeaal | ee oct Sores eel Ce 0 p60 0°98! 26790) sat) ao! at/ ial tan O°4S L*LS O°6€ z0 
paces Ee OC eo 7S 6 Sree 026 058. "he ci Ol pl) col Stell Las bon ont? 2°0S 10 
igs 5 hae od las PAs a uguer Mamet gees fale Fig Rok Ga Mae vigmes tues on 

395 das tin st i on poll $u.6.* Lu # 
uNnYy “HS APL Lby uny *3S Buo7 burpuezs [e30] Lez] xeWOA pafqns 


a La 


ViVd MWY :S1S31 JINWWHOIYId- WNOILONAS 





99 


re 





EAGT tae call epee VATS 0°88 S°06 L939 St Ol v°69 0°0S 9€ 

PCL 620 ECec OCaG 0°68 0°06 Sigel cv 9€ Cal) elec, Ge 
o-Cleoacl ET tae Spent? O°v8 S°88 €l SL 6 8L Spake) oaks ve 

celia Sab 92 SS GULe O°v6 0°66 Lick Slee viSS ~ZL5cP €€ 

és OL Oot STARS Lees 0°06 S°86 8 OL SUS 6°65 2°bS Ze 

Beli lect ASG IPA LS OLeOm 7 95c6 a ea 8L 8l V 9SS 7 AP LE 

Calta dal | Oe 607£ 0 SGaem 0 cco OL Sl ere” fai b'bS O°SE 0€ 

ESOL eeu t 26°¢ “L0°E 0°66 0°46 UA Pat ec (02 99S ealecy 62 

S5LLS vack OCs Coupee’ 0°88 S°f6 Cree CiSSOr GELS EO L9F 82 

Stl tt Sree Leac 0°06 §=0°L6 él tl NE ay k 6°6S L‘8t Le 

(OB Mw ae Sa | SiSe. *e7 eb 9°06 0°O0L vl vl Leave LoS) vey 92 

VOR ortt ABS AAS 0°68 S°68 OPT Lee ol £°8S <2’ eb G2 

Ca lless-OLe O71 [occa LoecerUece O7/8> 5 O.f65 5S 56 OL tae: bl Gi eedce Leb 9S 2970S v2 
orale Maral Mets SA TS BLS OncOm 30. Op 0 168 Vie ols El 02 02 9 £89 wo 8S 9705 €2 
PES od ET i Ode Ew aVauce Oca O°cOL 0°96 0°66 AG ARS Wl 6g S2 ob2 b°89 p°S9 8B°2S 22 
Colts 6: OL S6c LL 62 5€" SE ts “65° ¢ OFf6. 0788 =0°88 Cl wel be Ut SZ. 92 Ol C95 BE 299 Fe Sp LZ 
Selle Orbe lett VOCE SL le SeeG0E O: 600s O27 OLN OC LO0TNee ce aaaleec. a AAR PA L°8S 6°tS L°OS 02 
Er tle SL Ov ecrel Pcie ave es Dome O726— 0°06 20°68 Sl eo lee Ot O02 €¢ etl b OL S102 Seats 6L 
9as 2as Hine artis ae pda # 

uny “HS APL LL by uny °*3S buoy Butpuezs [eyo] LPO] XeUOA qoafqns 


— 


VIVO MVY -SLS3L JONVWHOINId- TYNOI LONNAS 


: — a oy 
ee ie an A 












— ATAG WAR. :27237 3OMAMAOINGS~JANOI TMU ‘ 









a eee = 


~ Rat “He ait tiga mn 22 onot ontbraic Tntot lato! 
; ae 2+ Apis eq hint 2Qr0 
tf? ow 

7 a r rT a s t . 3 3. A r J t 


=< ‘ > ‘ 
er —— eS a —— ~~ - ——n - _ - 7 ee 
’ 


cae BP Ot §.41 oe ee oe ae 6.s& o.4 0.08 or 663i Cat of ft afl om Ff.ot slleé 
€.7% 
















ao -* 








_ 


- 


> 


7 


; 





9 
7 


‘RERRARBAaAS 





100 


BODY WEIGHT AND PERCENT FAT: RAW DATA 





Group B Weight Body Fat Group A Weight Body Fat 
Subject Tb % Subject 1b % 

# Ty Ty Ty Ty # Ty To T3 Ty T3 

37 Too..087 156.0 S73 01 159; 095160.08 157.0 1S; lis7 
38 15955 ee 15725 WZ299 1320 02 2197-0 c 10. Oe c05,5 30D Lene 
39 156.588167,0 122991229 03 T5720 62.5. 159;:5 Wis see 
40 7525.0 Clee lo. 04 163.0.99164 5° 1167.0 16.4 19.0 
4) 162.08 162.5 12.95 13-8 05 TAG Ome 15S.0 158.5 1634-15-85 
42 182.5 174.0 2056 aban 06 169.000177.05 178.0 16.4 21.2 
43 L375e 760 10, Seek e 07 1515015020 9149.0 127 712.9 
44 187.0509193,5 16.47 413-8 08 157 25a S 14091505 1457 1055 
45 WARY WANES 13,658 1259 09 16520170 .500174.5 1720) 2152 
46 154.0 154.0 Ute es jibe, 10 16220 167.0 8171.0 1127 914.7 
47 1703508) 73.65 Sole 8.1 1 18055) 9 185.080 185.0 14559 1195 
48 184.0 182.0 24.81ezese 12 W220 7825) 9184.5 24.8 24.0 
49 166.5 9171.0 16.4 17.0 13 13120 moose oos5 Pee ee | 
50 1752595180 -0 12:99 1229 14 16875 eet 2.0enl09. 5 13,82)12.9 
5] ear 174.5 18.3 16.4 15 W1zOwibS-5 65.0 Ue bo hee) 
52 WE ay kev 1437 216.4 16 14520139709) 1444 Ly720n-2i.2 
53 ES) TTA 1259 Sts aT 146.0 152.0 148.0 Sal 9es 
54 142.0 142.0 1654 24326 18 162207 167-0" 160°5 14077 32.9 
55 169559817670 1515 los 19 149-0 152.0)' 151.5 AZo 12.9 
56 166.0 163.5 1437 7413.8 20 165.0 169.5 59165.95 1525 palSe3 
o7 202.0 199.5 (aes A 21 159.0 156.0 154.0 13.8 16.4 
58 1702 Ses 05.0 Zoe e0.0 22 173.0 175.0 174.0 166.08 veg, 
59 163, 5)0169.0 et 1955 23 174709 1667080165<5 18s3 1925 
60 15620 9910625 13.8. 12.9 

61 168.5 166.0 19.0 19.0 

62 Wie 5176.0 1950517.0 

63 161.0 165.0 W229 1427, 

64 Wee SY Wrees Pouce. O 

65 17935) 182.0 13200 mi 2e9 

66 TOs OR OO so 13282029 

67 VJ2250) 160n5 1853 013.8 

68 174.0 174.0 13.8 12.9 
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KNOWLEDGE QUESTIONNAIRE: 


RAW DATA 


Group A 


# Grade 19 Grade 19 # Grade 
37 9 1] ] 7 
38 10 ifs) 2 11 
39 8 12 3 Te} 
40 11 12 4 6 
4) 6 13 5 12 
42 9 14 6 13 
43 15 15 | 10 
44 9 16 8 13 
45 13 ifs} 9 18 
46 13 14 10 14 
47 9 11 in 16 
48 9 11 12 14 
49 ” 13 13 8 
50 8 15 14 18 
51 9 11 15 13 
52 8 11 16 13 
53 13 1 17 1] 
54 12 14 18 1] 
55 13 12 19 14 
56 15 16 20 11 
57 12 13 21 18 
58 8 14 22 15 
59 7 10 23 10 
60 16 12 24 9 
61 14 16 
62 14 13 
63 13 14 
64 8 13 
65 12 8 
66 11 i 
67 15 We 
68 10 i 
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19 
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16 


6:45 
6:05 
5: 36 
5e32 
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5 
5 
5 
6 
5 
6 
5 
5 
j 
6 


00 


:00 
339 
: 30 
5] 
714 
745 
>50 
:26 
A577, 
see 
> 39 


6th 

week 
55 
6:13 
5:44 
5337 


9th 
week 


Sr 53 
5:58 
SPAS 
8 SY 
5:42 
5:43 
bess 
5:34 
5:40 
6:09 
bes 
6: 
5 
5 
5 
5 
5 
5 
5 
6 
5 
me) 
5 
6 


16 


> 36 
> 36 
702 
a5 
721 
=5] 
3: 
an 
707 
74] 
:26 
=) 


CRITERION RUN: 


Group 

B 
37 
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39 
40 
4] 
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43 
44 
45 
46 
47 
48 
49 
50 
5] 
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54 
55 
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63 
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RAW DATA 


Pre 


Training 
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D7 


6:04 
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6:08 
6:01 
5:44 
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6:09 
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5:40 
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5:40 
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5:42 
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